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COLD APPLIED NO-OX-ID MAKES 


EASY ROUGH COUNTRY 


Over difficult terrain short 
whenever either impossible 
uneconomical use heavy 
equipment and heating kettles 
—NO-OX-ID cold applied 
coatings are the answer. ideal 
combinationto protect pipeagainst 
corrosion under such conditions 
inhibited, pliable coating, which 
applied with canvas leather- 
faced gloves; (2) NO-OX-IDized 
No. wrapper and service coat 
NO-OX-ID Filler Red 
But whether the coating 


cold hot applied, the service 
gas, oil water—whether the pipe 
laid during adverse weather 
conditions, severe soil condi- 
tions over rough country, there 
NO-OX-ID coating provide 
the best possible 
corrosion. 

Before planning your next pipe 
line job, find out how the correct 
NO-OX-ID coating combination 
will give you economy, ease ap- 
plication, long life and positive 
protection against corrosion. Con- 
sult with your Dearborn Sales En- 
gineer your next pipe line job. 


DEARBORN CHEMICAL COMPANY 
General Offices: 310 Michigan Ave. Chicago Illinois 


CHECK THESE ADVANTAGES 


heating kettles rough ter- 
rain and congested cities. 


prime coat necessary new 
pipe. 


Ideal for reconditioning used pipe. 
Pliable—will not deteriorate. 


Pliability permits expansion and 
contraction. 


Convenient for maintenance and 
repair. 


Provides positive protection 
against corrosion. 


SEND FOR THIS INTERESTING 
illustrated, interesting story 

line protection. 


DEARBORN CHEMICAL CO. 
Dept. C—310 Michigan Ave., 
Chicago 4, Illinois 


Please send me a copy of your booklet . 
hou.” 


Company 


Putting Permanence 


Pipe 


MAYES BROS. 


INCORPORATED 
HOUSTON 


three 
four 
each 
which 


Thousands miles buried pipelines are Many firms use Dowell magnesium anodes 
being protected against corrosion low the corrosion the bottoms 
Dowell magnesium anodes. Such galvanic large storage tanks. This type protection 
protection proving equally effective also proving effective for oil lease tanks, 
coated, wrapped and bare lines. gun barrels and completely buried tanks. 


= 
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Dowell magnesium anodes are proving satis- The use magnesium anodes control 
factory controlling corrosion steel corrosion condensers, heat exchange 
piers, off-shore oil well drilling platforms, equipment and many types processing 
ship hulls and other underwater structures. equipment gaining wide acceptance. 


Galvanic protection with high purity Dowell magnesium anodes 


has given industry new way cut corrosion costs. has proved 
effective wide variety installations. system Dowell DOWELL INCORPORATED 


magnesium anodes easily and economically installed. requires TULSA OKLAHOMA 
external power and maintenance free. Write Dept. 12, Offices Principal Cities 
Tulsa for copy the free 16-page booklet galvanic protec- 
tion with Dowell magnesium anodes. 


DOWELL 


GALVO-PAK® GALVO-LINE 
SUBSIDIARY THE DOW CHEMICAL COMPANY 
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-Bureau of Reclamation Photo. 


installation the Desilting Works Imperial 


Dam the Colorado River near Yuma, Arizona. 
Water for the All-American Canal desilted 
three basins, each which contains twenty- 
four 125-foot diameter Dorr clarifiers. Within 


cable has been strung from 
cnodes are suspended. Current 
supplied rectifiers nearby control house. 
a 


q 


STAFF 


EDITORIAL 


Ivy 


Norman Managing 
Editor 


CORRESPONDENTS 


Metals 

Henry 
Paper, Mining and Food 

Metals 

Production and Pipe 
Lines 


Gustave HEINEMANN—Chemical 
Process 


Metals 

Re- 
fining 

Telegraph, Radio 

Industry 


Water 
ADVERTISING 
CAMPBELL—(Executive Sec- 


retary NACE) Adver- 
tising Manager 


GENERAL OFFICES 


919 Milam Building 

803 Texas Avenue 

Houston 2, Texas 
Subseription : $7.50 per year to non-members; Member's 
thee $7.50, of vhich $3.00 are applied as subscription 
— Spe cial rate, $3.50 per year for public 
tional eh as raries of educational institutions. Addi- 
ae pies to nembers 50 cents, to non-members, 75 
* Foreign remittances should be by international 
money order or bank draft negotiable 


Entered as seco | class matter October 31, 1946, at the 


34 Ofiee at Houston, Texas, under the act of March 


Corrosion is Indexed Regularly by Engineering Index. 


CORROSION 


and Control 
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control corrosion described papers prepared for the Association and from other 
sources, 
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means dependable protection 


against corrosion! 


For the dependable protection against corro- 
sion that assures you long-term operation 
minimum maintenance cost—specify 
saran lined steel pipe. Saran’s unusual 
resistance most chemicals and solvents 
plays important part the reduction 
shutdowns and lost production. Another 
noteworthy advantage its ease field 
fabrication—involving costly delays with 


Distributed 


Saran Lined Pipe Company 


special tools handling. Saran lined steel 
pipe available maximum lengths 
feet and sizes from inches. Also 
available are saran lined diaphragm valves, 
plug valves, flanges, reducing flanges, flanged 
fittings, gaskets and fittings with union ends. 
Manufactured The Dow Chemical Com- 
pany, Bay City, Michigan, distributed 
Saran Lined Pipe Company, Dept. TSP-30. 


701 STEPHENSON BUILDING ¢ DETROIT, MICHIGAN 
Offices in: New York ¢ Boston © Philadelphia ¢ Pittsburgh 
Chicago Tulsa Indianapolis Houston San Francisco 
Los Angeles Portland Cleveland Denver Seattle 


Charleston, S. C. ¢ Toronto 
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MORE THAN DOUBLE THE USABLE LIGHT! 


The biggest news since the invention flash- 
lights—the brand new No. 1050 
flashlight battery—gives more than double the 
usable brilliant white light for critical uses than 
any other flashlight battery have ever made. 


METAL CAN LEAK CORRODE 


Ground Anodes control 
underground corrosion positively! 


Losses due underground corrosion 
lines alone are estimated $600,000,- 
000 annually. Protect your buried sub- 
merged metal structures, positively and 
economically, installing 


They operate with controllable electric 
circuit. dry periods, simply raise the 
voltage. wet periods, lower it. 
“National” ground anodes have been 
used for more than years. They outlast 
any other material. You don’t have dig 
them every few years. For highest 
ciency, pack “National” graphite 
material around each anode the bed. 
For complete details, write Dept. 


Regardless seasonal changes soil 
resistance—regardless whether the soil 
wet ground anodes 
afford perfect protection against corrosion. 


The terms and 
are registered trade-marks 


NATIONAL CARBON 
UNION CARBIDE AND CARBON CORPORATION 
East 42nd Street, New York 


District Sales Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


Foreign Department: New York, 


These products sold in Canade by 
National Carbon Limited, 
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Standards. G. G. Sward, Chairman. 


Available now 
REPORT 


First Interim Report 


Ground Anode Tests 
TP-3 
Anodes for Impressed 


Currents 
(Publication 50-1) 


pp. and cover. Contains results first 
tests four ground beds. Tables, 
curves, conclusions, summarized data. 


Per Copy, Postpaid 


NACE Members. $3.00 


All Others ..... 


5.00 
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SCHEIL, Chairman. 
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KENDALL, Chairman. 
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CORROSION 


HAMILTON, Chairman. 
Keystone Pipe Line Company, 
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ROHRMAN, Chairman 
University Colorado, 
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MEASUREMENTS 


RAYMOND HADLEY, Chairman. 
Susquehanna Pipe Line Co., 1608 
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TP-15 CORROSION CONTROL THE 
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MERRITT WILLIAMSON, Chairman. 
Pullman Standard Car Mfg. Co., 


TP-16 ELECTROLYSIS AND CORROSION 
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IRWIN DIETZE, Chairman. 
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City Los Angeles, Cal. 
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HUDDLESTON, Chairman. 
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SHARPE, Chairman. 

Humble Pipe Line Co., 
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Cleaning and priming of the huge Trans- 
hundreds stream crossings along its 1,840- 
mile route. The complete line was designed 


and constructed by Fish Constructors, Inc., - 
Houston, Texas. 4 


MERCEDES, TEXAS 


late Fall, the 1,840-mile line 
being laid the Transcontinental 
Gas Pipe Line Corporation will 
supplying natural gas the Phil- 
adelphia— New York—New 
Jersey area. 

And, like many the country’s 
other big pipe-line projects, will 
protected against corrosion 
Koppers Bitumastic® Enamel for 
many miles its length. Por- 


tions the 30-inch line which 
Bitumastic will protect include 
some the most highly corrosive 
soils encountered—low, swampy 
land along the Gulf Coast. 
Bitumastic Enamel has been 
used for over years coating 
thousands miles gas and oil 
lines. The knowledge gained 
Koppers from the experience 
these many successful applications 


high electrical resistance. 


REG. U.S. PAT, OFF. 


ONE 1950’s BIGGEST PIPE-LINE JOBS 
gets Bitumastic’s lasting protection 


continental line takes place one the 


Why Bitumastic Enamels give lasting protection 


Processed from base coal-tar pitch, they are impervious moisture 
chemically resistant soil elements. They make tight bond with 
the pipe not disintegrate with age maintain continuously 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 604T, Pittsburgh 19, Pa. 


can prove value your 
next pipe-line job. 

Put “Koppers Bitumastic 
into the specifications 


your next job. getting 

coating that has proved itself 

under the most extreme corrosive 

temperature. 

glo 

ten 

For 


June, 


$2 
= 
q 
: 
4 


your 


mastic 
‘ications 
getting 
service 
orrosive 
ypes 
ions 


ture 
vith 
usly 


)RROSION 


MIDWESTERN 


COROMAT 


Field tested, this new underground pipe wrap made the 
Owens-Corning Fiberglas Corp., has shown 300% greater 
tensile strength application than other wraps. This means 
the practical utilization the longer 1200 foot rolls higher 
wrapping speeds without time consuming delays due 
breakage. COROMAT available widths from 
inches and 1200 foot lengths. Price $1.18 per square 
carload lots 8000 squares more $1.50 per square 
LCL quantities all prices FOB destination. 


GLASFAB 


Manufactured the Lexington Supply Company, GLAS- 
FAB, the new hydrocarbon thermoplastic impregnate Fiber- 
glas cloth impervious moisture and heat and has high 
tensile strength lbs. per inch. Soft, pliable and non- 
irritating the hands, GLASFAB widely used for hand- 
wrapping “hot spots,” field joints, field repairs and for ma- 


MORE DETAILED 
INFORMATION 


une, 1950 


chine wrapping river crossings and “hot lines.” GLASFAB 
supplied continuous rolls 75, 400, 800 and 1000 ft. lengths. 


KAPCO ROCK SHIELD 


KAPCO Rock Shield, newly developed protective shield 
for pipe and pipe coating was recently subjected vigorous 
tests the rocky terrain West Virginia. Dense, limestone 
rocks varying sizes were dropped from height five feet 
directly the shield. The electronic detector showed holi- 
days the coating following these tests. This new protective 
shield eliminates the need for padding the ditch under rocky 
conditions and has also been used with high degree 
success river and road crossings, padding under river 
weights, pipe anchors and elsewhere where the coating 
subject damage handling. ROCK SHIELD available 
for early delivery Midwestern package which includes 
strapping, ratchet strapping tool and aluminum 


* Manufactured exclusively by Keystone Asphalt Products, Chicago, Ill., 
Division of American-Marietta Co. 


For prompt delivery Midwestern maintains warehouse stocks Tulsa, Oklahoma City, Houston, Kansas City and Newark, Ohio 
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non-profit, scientific and research association in- 
dividuals and companies concerned with corrosion 
interested it, whose objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good, 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


(f) contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under the 
laws Texas. Its affairs are governed Board Directors, elected the 
general membership. Officers are nominated (1) the Board Directors, 
(2) quorum least members, and elected the membership, 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters the 
National Association Corrosion Engineers 919 Milam Building, 803 Texas 
Avenue, Houston Texas. 
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Corrosion New Distillation Unit 


Processing Low Sulfur 


BURNS 


Abstract 
This paper presents the case history corrosion ex- 
new atmospheric and vacuum crude 
distillation unit. The crude charged was low sulfur 


type, averaging 0.20% sulfur content, which pro- 
duced West Texas, mostly from Ellenburger for- 


Ordovician age. Some test data for this 
which are applicable the corrosion prob- 
lems, are tabulated for comparative purposes with like 
data for other crudes. simplified flow diagram 


the shows temperature and pressure conditions. 
The materials used the various items equip- 
ment are given. 

Most affected corrosion were the atmospheric 
tower overhead condenser shells and the carbon steel 
tubes the radiant section the fired heater where 
desalted crude heated 600° The paper deals 
principally with the nature the corrosion the 
furnace tubes, the factors entering into the problem 
and remedial measures used. Ammonia injection was 
used neutralizing the corrosive elements present 
the atmospheric tower overhead steam and chro- 
mium-0.5% molybdenum alloy steel tubes were sub- 
stituted for carbon steel the radiant section the 
furnace. Corrosion rates for the carbon steel heater 
tubes are plotted vs. temperature and compared 
those experienced when processing West Texas 
crude containing 1.5% sulfur. The marked effects 
which the tube wall temperatures have the corro- 
sion rates are discussed. peculiar feature about this 
corrosion experience that the same crude which 
gave trouble the new unit had been processed 
previously older, though similar, unit for ap- 
proximately three years without corrosion difficulties. 
comparison between operating data for the two 
units made. 


ITHIN THE REFINERIES the petroleum 


industry, where full line products are manu- 
factured, wide variety corrosion problems exists 
due the many processes which are involved. Dis- 
cussions problems pertaining special processes 
such solvent extraction treating might interest 
some; but the distillation crude one process 
which fundamental the industry whole, 
history unusual corrosion which ex- 
perienced new crude distillation unit should 
wider interest. 

Crude oils, differing composition, are run 
Variety equipment under various operating condi- 
thus adding the complexity corrosion 
and the difficulty proper correlation 
information corrosion. Many excellent papers have 
been presented the subject the cor- 
agents contained various crudes, and have 
been much value corrosion engineers. There 
are others, presenting case histories the corrosion 
specific process equipment with 


Presented the Sixth Annual Conference, National Associa- 
of Corrosion Engineers, St. Louis, Mo., April 4-7, 1950. 
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given charge, which have added much the store 
knowledge the subject. 

Each experience with new unit, with new 
type crude charge older unit, involves the test- 
ing the corrosion resistance the materials 
construction that unit full scale; and infor- 
mation interest the entire industry thereby 
developed. with these considerations mind 
that case history presented covering the corro- 
sion experienced new atmospheric and vacuum 
crude distillation unit charging desalted, low sul- 
fur crude, the Port Arthur Refinery Gulf Oil 
Corporation. 

For many years the question the extent the 
corrosion which might expected new equip- 
ment when processing certain crudes has concerned 
the engineers and chemists the petroleum indus- 
try. generally agreed that the high sulfur crudes 
fractions therefrom are very corrosive iron and 
steel elevated temperatures, and severe corrosion 
variously reported start 500° 700° F.? 
However, many experienced engineers and investi- 
gators have realized that the percentage sulfur 
crude not necessarily direct measure the 
tendency corrode. This conclusion was reached 
Mr. Arthur Marks early 1936. His conclusion 
was based certain studies made the American 
Petroleum Institute Committee Corrosion Re- 
finery Equipment which were presented Mr. 
Mark’s report the API its annual meeting that 
Mr. Gustav Egloff expressed this same view 
1937.4 Nevertheless, would have been considered 
most improbable heretofore that desalted crude, 
having such low sulfur content 0.20 percent, 
could cause corrosion rates distillation equipment 
comparable those previously experienced only 
when handling high sulfur crudes. Yet, such was 
the severity the corrosion experienced the new 
unit which started operations May, 1948. 
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The parts the unit which corroded most rapidly 
were the atmospheric tower overhead condenser 
shells and the carbon steel tubes the radiant sec- 
tion the furnace through which the desalted crude 
passed. The condenser corrosion was not unusual 
but the high rate attack the carbon steel tubes 
was considered exceptional for such low sulfur 
crude. Consequently, the greater part this paper 
will deal with the nature the corrosion the fur- 
nace tubes, the factors entering into the problem, 
the measures taken remedy the trouble, and the 
results obtained from these measures disclosed 
recent inspections. 

peculiar feature this corrosion was that the 
same crude had been processed previously simi- 
lar unit for about three years without corrosion diffi- 
culties. Therefore, based that experience, corro- 
sion rates carbon steel heater tubes, towers, and 
exchanger shells the new unit should not have 
been severe. 


The Crude 

The crude charged the unit produced West 
Texas, mostly from Ellenburger formations, Ordo- 
vician geological age, and for simplification this 
paper will referred “Ordovician” crude. 
paraffin base crude, having low salt content and 
negligible concentrations acidic materials. could 
have been considered sweet, classified the sulfur 
content which averaged 0.20 percent; yet, due the 
fact that appreciable quantities hydrogen sulfide 
and mercaptan sulfur were present the lighter 


fractions, was suspected being potentially cor- 
rosive. 


Some routine tests this crude are given Table 
They are compared like tests East Texas 
crude, unquestionably sweet, and those West 


Texas crude, unquestionably sour. has been noted 
that many sulfur compounds have tendency de- 


TABLE 
Comparison Test Data for Certain Crudes and Distillates 
““Ordovi- East West 
cian”’ Texas Texas 
Crude: 
Wet Gae: Vol. percent.................. | 1.0 2.5t 1.7t 
Hydrogen Sulfide: Mol. percent...... . a 0.8 nil 20.2 
Gasoline Fraction: Vol. percent......... | 24.7 26.7 17.3 
Mercaptan Sulfur: nil 0.090 
Hydrogen Sulfide: percent.............. 0.007 nil 
| 102 106 110 
342 284 
Naphtha Fraction: Vol. percent......... | 5.3 4.4 14.1 
Mercaptan Sulfur: percent............. 0.10 
Hydrogen Sulfide: percent.............. | nil 
Over Point: °F..........cseeseeeeveees 308 292 280 
Kerosene Fraction: Vol. percent......... 19.8 12.1 28.5§ 
Mercaptan Sulfur: percent............. | 0.05 0.10§ 
Atmos. Tower Bottoms: Vol. percent | 37.8 54.2 34.8 


Sulfur and sulfides are expressed as weight percent of the distillate under 
which they are reported. 


* Average salt content expressed as lbs. of NaCl equivalent per 1,000 bbls. 
of raw crude, 
t After electrical desalting, i.e., as charged to the stills, 


t Varies appreciably from season to season due to changes in temperature 
of condenser water. 


§ These tests are for a light fuel oil distillate. 
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compose during distillation and form hydrogen 
fide and mercaptans which are known 
elevated Also, the sulfur 
different crudes may vary appreciably 
tendency. Therefore, for comparative purposes, 
tests the sulfur the lighter fractions from 
crudes have been included this table for their 
sible value indicating the amount and type 


fides which are evolved during 


may seen that the quantities sulfides 
the lighter fractions from the “Ordovician” 


are intermediate between those occurring 
fractions from East Texas and West Texas 
The sulfur the gasoline distillate from East 
crude negligible; whereas the percent 
such distillate from 0.13, and 
that from West Texas crude. proposed that 
helpful study the corrosive tendencies 
crudes. course, these comparisons are only 


ative what might gained further study 
along this line. 


The salt content the raw crude quite 


averaging 11.6 lbs. per 1000 barrels expressed 
sodium chloride; whereas the salt content the de- 
salted crude approximately 2.5 lbs per 1000 barrels, 
The salts which remained the desalted crude were 
tested determine the relative amounts sodium, 
calcium and magnesium chlorides present. The so- 
dium chloride content was equal 1.08 per 100) 
barrels desalted crude; calcium chloride, 
and the amount magnesium present was 
that was insufficient for accurate determination. 
test for acidity the desalted crude was made 
and the neutralization number, determined 


ASTM Method 664-46T, was nil. Sediment and 


water varied from trace 0.1 percent. 


The Unit 
simplified flow diagram the new unit shown 
Figure The unit consists principally of: the 
conventional crude preheating 


carbon steel shells and admiralty metal exchanger 


eight electrical desalting tanks and one surge 
drum; also, combination furnace, one side for heat- 


ing the desalted crude charged the atmospheric 
fractionating tower and one for heating the reduced 


crude feed the vacuum tower; 11-foot diameter 


atmospheric tower; 18-foot diameter vacuum 
tower; two stripping towers; one barometric 
denser with vacuum jets and the necessary 
piping and product coolers. 

The material used the original construction 
the unit was mostly carbon steel, although alloy 
material alloy linings were employed some 
extent where corrosion had been anticipated. 
example, the furnace tubes and headers the 
mospheric heater and most the process piping 
carbon steel. The transfer line, 18-inch from 
the heater the atmospheric tower was the 
interior with stainless steel, Type 405. The atmos 
pheric tower, feet diameter and 125 
height, was carbon steel with Meehanite trays and 
bubble caps. The vacuum heater was equipped with 
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steel tubes along the side 


lrogen ELECTRICAL 
chromium-0.5 percent mo- 

alloy steel tubes the 

end the coil. The headers 

from the furnace tubes were box type, 

their material the tubes. The 

ype 18-inch O.D. transfer lines 
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tower were also allo 


The vacuum tower shell was 
carbon steel, clad 


sulfides 


an” crude 
inside with Type 405 stainless 
throughout the 18-foot diame- 


Texas section ‘and lower 8-foot diame- 


stripper section; but the top 
and condensing section was plain steel. 
that The trays caps the main sec- 
woud tion this tower were percent 
lencies steel, Type 410. The two 
nly towers were unlined and 
Mechanite trays and caps. All 
low, had carbon steel shells, and 
all but three them were equipped 
the with admiralty metal exchanger 
barrels, tubes. The three exchangers which 
ude were did not have admiralty tubes were 
hot oil service and were equipped 
The so- with percent Cr-0.5 percent 
per 1000 alloy tubes. The run-down line 
from the atmospheric tower overhead condensers 
small was fabricated Monel metal and the receiving 
drum for this stream was lined with Gunite. 
made pertinent operating and test data are shown 
ined the flow diagram, which are representative 
and operation. The raw crude charge preheated 
200° then mixed with water the same tem- 
perature and desalted. passing, might noted 
that the the water entering the crude stream 
was 7.6, while the effluent water from the electrical 
was about 4.5 during the early stages 
operation. Some minor corrosion the internal water 
piping was noted, and sodium hydroxide solution 
equivalent Ib. NaOH per 1000 crude 
charge was then injected into the crude bring the 
the water effluent 7.0. Careful checking 
the desalted crude was instituted make sure that 
was carried into the still with the desalted 
vacuum crude, was believed that any free entrained 
would attack carbon steel furnace tubes 
crude has been observed. 
The desalted crude pumped through additional 
alloy heat exchangers and the temperature the oil 
some 345° the inlet the convection sec- 
For the atmospheric heater; the pressure 210 
psi. the inlet the section, the tempera- 
ture 475° the oil outlet temperature 605° 
the Oil pressure the outlet not measured; but the 
the flash section the atmospheric frac- 
feet tionating tower psi. Temperature the flash 
and zone this tower 585° and, the top the 
with tower, 240° Process steam enters the tower below 
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DESALTED CRU! 


VACUUM TOWER 


Figure 1—Simplified flow diagram, new unit. 


the flash section and higher points where the vents 


from the strippers enter. 


The overhead from the atmospheric tower, com- 
prising approximately percent the crude 
gasoline distillate plus the process steam, 
densed six tubular condensers equipped with ad- 
miralty metal tubes. The vapors flow parallel 
through three banks condensers, two the bank. 
Three side streams are taken from this tower 
strippers. For the sulfur content these various 


streams refer again Table 


The bottoms from the atmospheric tower, which 
comprise 37.8 percent the charge, are stripped with 
superheated steam the lower section the tower. 
They are then charged the radiant section the 
vacuum tower feed heater, two-pass arrangement, 
and transferred the vacuum tower through two 
18-inch lines. The oil outlet temperature from the 
vacuum heater 730° Superheated steam in- 
troduced into the roof tubes this heater. The tem- 
perature the flash zone the vacuum tower 
700° and the pressure inches absolute. 
The residual stock, 7.6 percent the crude, has 
sulfur content 0.49 percent. This residuum and 
the various lube distillate side streams, after strip- 
ping with super-heated steam, exchange heat with 


the incoming desalted crude and are pumped stock 


tanks. 


Corrosion Experienced 
may interest discuss the corrosion ex- 
perienced the unit the order which ap- 
peared. The still was started May 1948, charging 
the crude described earlier, and lined out very well 
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for new unit. During the initial run, the water from 
the atmospheric tower overhead distillate receiving 
drum was found vary from 3.5 and the 
iron content the water was equal about 
per day. The injection anhydrous ammonia into 
the overhead stream was considered. 

After operating smoothly for four months, was 
shut down for cleaning and inspection. Several tube 
bundles were cleaned but overhead bundles were 
pulled. The vapor line and the tubes and baffle plate 
one top condenser bundle were inspected vapor 
inlet and conditions that point indicated little 
corrosion. matter routine, all furnace 
heater tubes were cleaned and calipered and records 
were made the inside diameter measurements 
the roll and near each end each tube. Minor wall 
losses, the order 0.01 0.03-inch for the 3240 
hour initial run, were noted the carbon steel tubes 
near the outlet the atmospheric heater. Since the 
original wall thickness these tubes was 0.375 inch, 
the probable life should have been around 18,000 
hours, little over two years, for about the 
tubes near the outlet, and much longer for the other 
radiant tubes. The carbon steel headers were 
excellent condition. tubes the convection sec- 
tion nor the vacuum section the furnace showed 
any appreciable loss. 

All vessels were good condition with the excep- 
tion the atmospheric tower where some corrosion 
was observed the flash section, which appeared 
fine ridges roughness the steel shell. This cor- 
rosion was discovered after the removal thin 
layer soft coke-like deposit the walls. Samples 
the corrosion product were analyzed with the fol- 
lowing results. 


TABLE Corrosion Product 


SAMPLE: Scale from wall of flash section, atmospheric tower. 
DATE OF SAMPLE: September 22, 1948. 


ANALYSIS: Percent by weight of sample, as received. 
Volatile and combustible matter 30.8 
Ash 69.2 

100.0 
Iron 38.5 
Sulfur 20.7 
Chlorides 0.7 


The ratio the iron the sulfur indicates that 
the ash the scale was principally iron sulfide 
FeS. The corrosion the furnace tubes and the 
tower, though not yet serious, accounted for the 
above deposit. This analysis was valuable reveal- 
ing the element most responsible for the corrosion 
taking place. 

The unit was headed and started the second 
run. After about three weeks operation, small 
leak occurred the cast steel body the regulator 
valve the gasoline distillate reflux line the top 
the atmospheric tower. few days later, leak 
developed the bottom one the condensers 
which condensed atmospheric tower overhead. This 
corrosion indicated that neutralization the over- 
head stream was advisable, and the unit was shut 
down for few hours install connection the 
vapor line permit injection ammonia. The regu- 
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lator valve body the reflux line was changed, 


temporary repairs were made the condensers, 


The carbon steel body the regulator had 
corroded-eroded the down stream side the 


throat, but the valve stem and seat, 18-8 alloy, 
not attacked. The carbon steel pipe the 
was good condition, however. 18-8 alloy 


inspections proved the material satisfactory 
for this service. 

The unit went back stream following this shor 
shutdown, and ammonia was started into the 
head stream. The quantity injected was 
needle valve and the pressure drop 
across small orifice, measured simple 
manometer. pressure regulator maintained 
psi the ammonia system ahead the 
Control was based the the water effluent 
from the overhead receiving drum, determined 
Hellige Comparator, and the was maintained 
the range 6.8 7.2. Under this condition, 
appreciable corrosion took place the condensing 
system. About 0.8 ammonia per 1000 barrels 
crude charged was required maintain this 
tion. 

The unit completed the balance the second 
scheduled run without further event, and the second 
turnaround occurred during February, 1949. that 
time, all the equipment the unit was again 
carefully inspected. 

The corrosion damage the condenser shells, 
which had occurred prior ammonia injection, was 
appraised. Severe pitting the bottom portion 
the three upper shells had caused the leak previously 
mentioned. This corrosion had been caused the 
hydrogen sulfide, other sulfides, small quantities 
chlorides and condensing steam which were present 
the overhead stream. The small percentage chlo- 
rides which was present undoubtedly had acceler- 
ating influence this corrosion prior the injec- 
tion ammonia. Three new shells were ordered 
prepared, and the lower half the new shells 
were lined with 5/64-inch Monel metal added 
precaution. The lower condenser shells each bank 
were found have lost only 0.09-inch wall thickness. 
The admiralty metal tubes the top condenser bun- 
dles were moderately corroded the vapor side 
the area where the steel shells were attacked, but the 
steel baffles the tube bundles were severely cor- 
roded. 

The wall thickness the atmospheric tower flash 
section was measured and had lost 0.04-inch 6500 
hours operation. This equivalent corrosion 
rate 0.05-inch per year, compared reported 
rate 0.07-inch per year wall loss bubble tower 
West Texas sour crude Consequently, 
recommendations were made strip line the affected 
area this tower with stainless steel, Type 

The fired heater tubes were again calipered 
tube ends, and wall losses were found little 
greater than previously noted. Wall losses for the 
3000-hour run were from 0.04 0.06-inch. The ap- 
pearance the inside the tubes was good; 
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had been The unit went back stream and operated 
the when became necessary shut down be- 
loy, cause small hole had developed ina furnace tube. The 
eflux tube, located near the coil outlet the radiant section 
loy valve the fired crude heater, was removed and sectioned 
Dsequent determine the extent the corrosion. was thin 
near the middle, with wall thickness gradually in- 
toward each end. The hole had resulted 
his short from severe inside the tube 
over. the point contact with the middle hanger, the 
tube was generally thinner the bottom (fire side) 
throughout most its length. Four other tubes 
the same vicinity were too thin for further service. 
Because the earlier analysis deposits from the 
fash the atmospheric tower had indicated 
effluent that sulfide corrosion was taking place, percent 
percent alloy tubes were installed re- 
intained because their resistance such type 
The still was returned service; but came 
down again days later with holes two tubes 
the tubes previously replaced. The holes 
these tubes were also located points contact 
second with this shutdown, the Penetron, which 
Was not available the time the first emergency 
that Shutdown, was used check all radiant tubes the 
again atmospheric heater. Thirty-nine tubes were con- 
demned due thinness the fire side, due allow- 
ance being made for the localized corrosion near 
hangers. Seventeen were replaced with percent 
Cr-0.5 percent alloy (all the alloy tubes avail- 
viously able the time), and the balance replaced with 
ities tubes the vacuum heater were also in- 
spected, using the Penetron, but eccentric cor- 
was found the carbon steel tubes the 
radiant section that heater; this, spite the 
fact that oil temperatures and sulfur content the 
charge that heater were higher than those the 
shells charge the atmospheric heater. 
the subsequent regular turnaround, which oc- 
curred July, 1949, the following repairs were made. 
The flash section the atmospheric tower was strip 
lined with stainless steel, Type 410. The three top 
overhead condenser shells were replaced 
admiralty metal tube bundles for these condensers 
renewed due the corrosion the carbon 
baffles. The new tube bundles were made 
using admiralty tubes and brass baffles. was also 
replace additional carbon steel tubes 
the atmospheric heater. All other equipment was 
The Corrosion Furnace Tubes 
careful study this tube corrosion revealed 
number important facts and emphasized certain 
factors which had accelerating influ- 
sectional view the first radiant tube which 
The rapid thinning near the point contact with 
the hanger can readily seen. This accelerated at- 
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Figure 3—Corrosion tube 95—fire side. 


tack appeared due the fact that the hangers, 
which were curved fit cradle the tubes, acted 
fins resulting high input heat those points. 
Then, turn, the higher local oil film temperatures 
resulted increased chemical reactions between the 
sulfides the crude and the iron the tubes. Accel- 
erated attack the fire side radiant tubes has 
been experienced other units also, but lesser 
degree, and then only after years service. Mr. 
Gray noted that this type corrosion was ex- 
perienced Shell’s Wood River Refinery when proc- 
essing West Texas crude.’ 

attempting understand this eccentric corro- 
sion furnace tubes, should noted that 
analysis “Temperature Distribution Tubes 
Refinery Pipe Stills,” Mr. Bonner, disclosed 
that considerable differences may exist between the 
tube wall temperature the fire side still tube 
compared those the opposite shielded 
Under certain conditions, his analysis disclosed dif- 
ferences great 170° between the average tube 
wall temperature the fire side and that the 
opposite side. The same difference temperature 
was found exist between the tube (fire side) and 
oil mass temperature. Therefore, postulated that 
the film temperatures the hot side tubes must 
much higher than average oil temperatures, and that 
the film temperatures which actually govern the cor- 


Figure 2—Sectional view tube 95. 
A 
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Figure 4—Sectional view tube 84. 


rosion rates. case has come the attention the 
writer which has provided better proof this theory 
than the experience with the furnace tubes under dis- 
cussion. 

This marked influence temperature upon the 
corrosion rate for carbon steel tubes also demon- 
strated study that rate various parts 
the same tube, where know that the temperature 
the oil mass did not vary appreciably. Measure- 
ments wall thickness along the wall the fire 
side Tube No. 95, from end end, are given 
Table III; and the plotting for these rates shown 
Figure The rapid increase corrosion rate 
apparent the distance from the relatively cool 
header box increases and extends toward the middle 
the firebox, where higher heat transfer rates may 
expected. The extreme peaks each hanger are 
clearly indicated, demonstrating forcefully 
sponse the corrosion rate localized temperature 
increases. The tube hangers have been observed 
glow cherry red, corresponding temperatures 
around their lower edges, and darken 
rapidly toward points contact with the tubes, in- 
dicating high rate heat input such points. 

Several tubes were sectioned and showed cor- 
rosion pattern similar that found Tube No. 95, 
but the severity the corrosion decreased materially 
those tubes located nearer the side walls the 
furnace. For example, Tube No. pictured 


TABLE 
Wall Thicknesses and Losses Tube No. 95* 
(After 7360 Hours Service) 


WALL 
SIDE FIRE SIDE 
Thickness Thickness Loss 
CALIBRATION POINT (Inches) (Inches) (Inches) 
Feet from Front Wall 
Feet from Front Wall -189 
15 Feet from Front Wall -286 -143 .232 
MIDDLE (4 inches from Hanger)..... | .232 115 .260 
15 Feet from Rear Wall.............. -280 .140 -235 
8 Feet from Rear Wall.............. .310 -180 -195 
3 Feet from Rear Wall.............. | = -280 095 
MIDDLE HANGER............ -000 (Hole) 375 
REAR HANGER.............. .095 280 


* Original wall thickness of tube: .375 inch. 
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Figure 5—Comparison corrosion rates for carbon steel furnace tubes 
crude distillation units. Ordovicion crude service. high 
sulfur crude service. case for topped high sulfur 


Figure showed less corrosion the fire side and 
the point contact with the hanger than did Tube 


No. 95. The wall thickness Tube No. point 


contact with the middle hanger was 
Possibly, temperatures the oil film should 
considered more often when discussing corrosion 
rates various temperatures processes. con- 
sideration appears impractical for most purposes, 
yet more than academic interest when con- 


paring corrosion rates for tubes furnaces dif- 


ferent design, will discussed later. 


Comparison Corrosion Rates 

The marked effect temperature the corrosion 
carbon steel furnace tubes “Ordovician” 
again graphically portrayed Figure Case The 
corrosion rates tubes this new unit are com- 
pared those reported for furnace tubes used 
processing sour crudes. The oil temperatures used are 
temperatures the oil mass recorded conven- 
tional pyrometers, although some interpolation was 
necessary arriving certain these 
tures. Corrosion rates are expressed wall loss 
inches per 1000 hours. “Peak” corrosion rates for the 
tubes this unit are based wall losses the fire 
side the tubes away from the hangers, rather 
than the corrosion points contact with 
such rates were considered more comparable 
the other “peak” corrosion rates shown Cases 
and III. The effect temperature corrosion 
carbon steel furnace tubes distillation unit run- 
ning West Texas crude with sulfur content 
percent presented Case II. Case III shows the 
same effect when processing “topped” sour crude, 
1.5 percent The corrosion rate for the furnace 
tubes the new unit processing low sulfur crude 
higher than that for the tubes used 
“topped” sour crude, but somewhat lower than that 
for tubes used raw sour crude service. Neither 
the crudes involved Cases had been 
desalted. 


Corrosive Agents and Rate Factors 
With corrosion this magnitude involved the 
processing this low sulfur crude, the question 
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corrosion rates 550 degrees Carbon steel furnace 
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arises whether not all possible corrosive agents 


the crude have been considered. The principal ele- 


ments crudes which have been known con- 
accelerated corrosion high temperatures 


ide 
have been sulfur sulfur compounds and organic 


were practically nil; neutralization numbers for lube 
distillates were 0.02 0.03. Furthermore, previ- 
ously noted, the scale deposits which were analyzed 


acids such the naphthenic acids certain crudes. 
inch, Also, the possibility acid salts and free hydro- 
rrosion Presence sulfides has been suggested accel- 
rposes, one However, the chloride content the 
charge was very low after desalting, 
NaCl equivalent per 1000 barrels. Acidic constituents 


consisted principally iron sulfide. Consequently, 


this leaves sulfur compounds the most important 

appreciable quantities the sulfur 
sed the crude were the type which de- 
become very active temperatures near 
and above. Furthermore, even such low 
was concentrations 0.20 percent, over 13,000 
sulfur per day passed through the crude heater fur- 
oss tubes when the still was charging 24,000 
the day. Thus, all the sulfur had been reactive 
fire had contacted the metal, this would have been 
rather sufficient completely corrode all the original 
radiant tubes days. Assuming something more 
one-fourth the sulfur had been reac- 
Cases tive the temperatures encountered, and only one- 
that had come contact with the steel 
trun- then all the iron these tubes would have 
1.5 completely consumed within 120 days. Actually, 
the unit operated 306 days before the first small hole 
rude, one furnace tube. 
most significant rate factor this corrosion 
ssing peratures within the same tube have demonstrated 
their effect upon the corresion rate. Turbulence 


considered minor factor, because the tube 
and carbon steel headers showed little corrosion 
spite relatively high velocities near the coil 
outlet, where partial vaporization took place. few 
headers near the coil outlet showed corrosion-erosion 
over small area which resulted only 
loss after 14,304 hours service. 


been 


the 
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The fact that the charge this unit was clean 
desalted crude resulted clean tube surfaces which 
the corrosive elements could contact. That such 
clean condition factor corrosion often over- 
looked. Marked increases the corrosion rate 
carbon steel furnace tubes have been experienced 
other crude units, due the elimination de- 
posits the tubes following the installation de- 
salting equipment. 


Comparison Old and New Units 

Prior the construction the new unit, the 
“Ordovician” crude was processed older atmos- 
pheric-vacuum distillation unit without corrosion dif- 
ficulties. 

The charge rate the older unit was 17,500 bar- 
rels “Ordovician” crude per stream day compared 
24,000 barrels for the new unit. Pressures vari- 
ous parts the systems were very nearly the same. 
The crude was desalted the same type electrical 
desalting equipment that used the new unit, 
and the salt content the crude, before and after 
desalting, was approximately the same previously 
reported. Sulfur content averaged 0.18 percent the 
crude during the period when was charged the 
older unit, and the quantity and distribution the 
sulfur the products were very close those shown 
Table under “Ordovician” crude. 

The condensing systems for the atmospheric tower 
overhead vapors were quite different the two 
units. The vapors from the atmospheric tower the 
older unit were condensed cast iron pipe coils 
submerged open water box. Because cast iron 
pipe quite resistant the corrosion such serv- 
ice, there was indication the corrosion which 
might expected the tubular condensers the 
new unit. 

Comparable operating data for the crude heaters 
the two units are shown Table IV. The most 
significant difference operation the higher tem- 
perature the oil from the crude heater the new 
unit, 605° compared 553° the old unit. 
first glance, would appear that the higher corrosion 
rates for the furnace tubes the new unit might 
thus explained. That conclusion partly true 
when discussing corrosion rates the roof radiant 
tubes but does not explain the short life the carbon 
steel tubes the new unit where oil temperatures 
were 550° Figure shows the “peak” corrosion 
rates for both units where oil temperatures were the 


TABLE IV. 
Comparison Data, Crude Heaters Old and New Units 


Old Unit New Unit 


CRUDE HEATERS: 


Crude Charge: Bbis./Day................ 17,520 24,430 
Oil Temperatures: °F. | 
Rise it Matiant Section. .. | 90 128 
Radiant Section: | | 
Surface Area of Tubes: Sq. Ft............. 3,636 | 4,378 
Heat Absorption in Oil: B.t.u./Bbl......... 38,500 | 47,600 
Heat Absorption in Oil: B.t.u./Sq. Ft./Hr.. .| 7,730 | 11,050 
Velocity Ft. } 5.47 | 6.44 
Mass Velocity in Outlet Tubes: | 
Lbs./Hr./Sq. Ft. of Cross Section........ 992,500 586,000 


* Oil volume as liquid @ 60° F. 
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same. The corrosion rate for tubes the new unit 
was four times that for tubes the old unit oil 
mass temperature 550° there must factors 
other than oil mass temperature which account for 
this difference. 

The arrangements the tubes the radiant sec- 
tions the crude heaters for the new and old units 
are shown Figures and respectively. The 
tubes the radiant section the new unit which 
carried the oil each pass temperatures approxi- 
mating 550° were located along the side walls 
few feet away from the flames burners. The 
tubes which carried the hottest oil 605° near coil 
outlets were the roof, arranged single row, two 
tubes parallel for each pass. 

the older unit, the top row roof tubes, which 
were somewhat shielded from maximum radiant heat 
the lower row, carried the oil 550° Flow was 
through each tube singly each pass. There were 
four fan-mix type burners located the front wall, 
and tubes the immediate vicinity these burners 
carried oil oil mass temperatures below 375° 
which considerably below temperatures where sul- 
fide corrosion becomes serious. 

Both units were gas fired and firebox tempera- 
tures ran close 1400° the bridge walls. 

Referring again operating data Table IV, 
differences between the oil velocities the two units 
were not significant. The velocities given this 
table are calculated oil velocities based upon the 
volume the oil 60° The actual combined oil 
and vapor velocities tube outlet temperatures 
were much greater than those shown the table, 
due temperature considerations and certain 
amount vaporization the oil. 

The average heat transfer rate for radiant tubes 
the new unit was 11,050 Btu./Sq. Ft./Hr., com- 
pared 7730 for the old. Again, basic concepts 
heat transfer indicate that oil film temperatures were 
appreciably higher the radiant section tubes the 
new unit, and the higher oil film temperatures must 
have caused the higher corrosion rates the furnace 
tubes the new unit. Certainly, the accelerated at- 
tack the tubes the points contact with tube 
hangers the new furnace clearly demonstrated the 
effect which high local heat input had upon the 
corrosion rate. 

Thus, may concluded that basic differences 
furnace design influenced the corrosion rate car- 
bon steel heater tubes through differences tube 
and oil film temperatures. 

This experience should cause one wonder about 
the dependability corrosion rates which previously 
have been reported the literature without knowing 
more details about the design the equipment in- 
volved. Corrosion experiences the older fired heat- 
ers employing certain heat transfer rates should not 
used estimating the corrosion which might 
expected more modern units where higher heat 
transfer rates are used. not suggested that de- 
signs changed, since the newer units are more 
efficient. The remedy lies the use more inter- 
mediate alloy tubes new distillation equipment. 
This especially true where certain low sulfur crudes 
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Figure 7—Radiant section, fired heater for atmospheric tower feed, Tubes 


553°F 


PASS NO.1 


FROM CONVECTION SECTION 


2” OUTLET TO 18” TRANSFER 
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which evolve appreciable hydrogen sulfide during 
distillation will the charge; where fired crude 
heater outlet temperatures exceed 550° and where 
oil film temperatures may high result high 


heat transfer rates. 


Figure 8—Radiant section, fired heater for atmospheric tower feed, old 
unit. Tubes are 5-inch O.D. feet inches 


Results Recent Inspection 


inspection the new unit January, 1950, 
disclosed that ammonia had not entirely eliminated 
the corrosion the atmospheric tower overhead 
condensers, but had reduced satisfactory de- 
gree. The condensing process steam 
dissolve any ammonium chloride which may 
formed. Although small quantity iron sulfide 
precipitate causes some fouling the condensers, 
runs about six months are scheduled for this unit. 

The percent chromium steel strip lining which 
had been installed the flash section the atmos- 
pheric tower July, 1949, was excellent condition; 
but the lining may have extended another 
bon steel shell the tower the middle and 
portions was not attacked any measurable degree, 
and the Meehanite trays the tower were holding 


well. 


Although corrosion the alloy lining the 
vacuum tower had been noted previously, the recent 
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inspection disclosed several small isolated pits the 
lining the flash zone. Further investigation this 
will necessary, and minor repairs weld- 
ing may required from time time. The fabri- 
cated alloy trays and caps the vacuum tower were 
excellent condition. 
The atmospheric tower side stream strippers were 
and the strippers for the vacuum tower 
streams were good shape with one exception. 
stripper for the lower vacuum tower side stream 
had lost 0.03-inch wall thickness. 
percent Cr-0.5 percent alloy tubes which 
the carbon steel tubes the radiant section 
the atmospheric heater showed only minor wall 
0.02-inch 6048 hours service. That 
was the equivalent percent the corrosion rate 
the original carbon steel tubes. The carbon steel 
located along the side walls the fired heater 
the vacuum section had lost very little metal, 
should worthy note that, spite the 
corrosion difficulties experienced the new unit, 
the on-stream time for the year 1949 was 93.9 per- 
cent. Part this accomplishment was attributable 
the fact that some alloy tubes were available from 
the spare stock two other new distillation units 
which processed sour West Texas crude. Prompt de- 
livery additional alloy tubes from the steel mills 
was also factor supplying tubes when needed. 
spare tubes had not been readily available, lost 
time the unit could have resulted rather serious 
economic losses. 


Summary and Conclusions 

The study the corrosion this unit has shown 
that low sulfur crude may extremely corrosive 
carbon steel furnace tubes distillation unit 
under certain conditions. This fact demonstrates 
rather forcefully the point that the percentage 
sulfur crude not direct measure its 
tendency corrode. The corrosion rates the tubes 
the crude heater processing “Ordovician” crude 
proved severe above temperatures 550° 
(oil mass temperature) and very sensitive oil film 
tube wall temperatures. 

Because heat transfer rates and tube wall tempera- 
may vary considerably from one design an- 
other, appreciable differences corrosion rates for 
furnace tubes may expected with given crude 
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processed units different design. Corrosion 
engineers and designers should consider the advis- 
ability specifying more alloy furnace tubes for oil 
temperatures above 550° crude units designed 
process low sulfur crudes which evolve appreciable 
quantities hydrogen sulfide during distillation. 

The problem has been presented much de- 
tail possible permit correlation with other ex- 
periences. The review past corrosion experiences 
within refinery, those reported the literature, 
may helpful; but such review may misleading 
unless all possible factors bearing upon the problem 
are investigated. more experiences with modern 
equipment are revealed, better guides corrosion 
control new units should result. 

Cooperation among corrosion engineers, chemists 
and designers should helpful properly antici- 
pating the corrosion which may expected any 
proposed refinery equipment. 
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INCE THE CORROSION problem condensate 
wells was recognized 1943, great deal 
work has been done toward finding economic solu- 
tions. 1945, was found that similar problem 
existed deep high pressure oil wells Louisiana. 
The mechanical phases these two problems are 
least important the chemical phases. 

Shortly after corrosion wellhead assemblies and 
flow lines condensate wells was found, was 
established that corrosion tubing condensate 
wells was and serious problem. Work 
was started committees the Natural Gasoline 
Association America (NGAA), the American 
Petroleum Institute (API) and the National Associa- 
tion Corrosion Engineers (NACE). The 
Bureau Mines undertook work the problem 
well, did the research and operating departments 
the producing companics. All these agencies are 
still doing work the problem. number manu- 
facturers chemicals and equipment have also 
worked the problem and are continuing their 
efforts. The NGAA’s earlier efforts were directed 
principally toward sponsoring research work estab- 
lish the causes and find possible preventive measures. 
The API has studied the problem from over-all 
standpoint and has devoted its principal efforts 
accumulating factual data and evaluating preventive 
measures. The NACE’s principal endeavor has been 
the study alloys, but all aspects the problem 
have been given individual and cooperative attention. 

The present status the whole problem pertains 
condensate wells can briefly summarized 
follows. There are about 1000 condensate wells 
which corrosion economic importance. Suitable 
alloys have been found for use wellhead assem- 
blies and for special tools installed tubing strings. 


* A paper presented at the Sixth Annual Conference, National Associa- 
tion of Corrosion Engineers, St. Louis, Mo., April 4-7, 1950. 
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Abstract 


The problem corrosion condensate and high 
pressure wells producing sweet oil The 
corrosion problem encountered condensate wells 
rather well known, but not generally known 
that very similar problem exists large number 
oil wells. The work that has been done these 
two problems reviewed and current practices are 
summarized. 


The mechanical aspects equipping and complet- 
ing wells which corrosion problem are dis- 
cussed. Leakage through threaded tubing connections 
important subject which needs study con- 
junction with corrosion preventive work. Attention 
being given joint designs, thread lubricants, and 
tubing installation practices. The various ways that 
wells can completed order permit control 
corrosion are discussed. 


Detailed discussions are devoted the various 
materials that can used for tubing and for well- 
head assemblies these services. The use and rela- 
tive value materials reported include low carbon 
steel tubing, percent nickel steel tubing, internally 
nickel-plated tubing, and plastic-coated steel tubing. 
review presented the various chemicals that 
are used neutralizing agents, emulsifying and/or 
wetting agents, and other film-forming materials. The 
relatively new use sodium silicate discussed 
detail. The procedures followed the use chemi- 
cals are given. 


The methods determining the corrosive condi- 
tions and the efficiency methods used prevent 
corrosion are 


Several chemical means have proved 
factory for use either neutralizing agents 


and 
sures 
set 
trol 


fluids 
consi 


creas 


inhibitors. Other chemical means are being tested 
and are under observation. Various materials are 
service tubing, but none has yet been definitely 
established economic solution the tubing 
problem general. Considerable work remains 


cope with both the corrosion problem and the 


sures encountered. This last includes such problems 
threaded joint design and thread dopes. 

The corrosion tubing flowing oil wells 
8000 feet more number Louisiana and 
Mississippi fields similar that condensate 
wells. estimated that about 300 wells are affected. 
The problem differs from the condensate problem 
that the wellhead and top 1000 2000 feet the 
tubing are protected paraffin deposits until the 
well produces high percentage salt water. 
cause the paraffin and emulsion treating problems 
and because tubing set packer, the apparent 
solution find suitable tubing material. 
discussed later, plastic-coated tubing appears 
suitable material. 

Condensate and oil wells are completed 
suspending the tubing from the wellhead assembly 
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setting the tubing packer near the bottom 
the well. the first-named type completion, 
full well pressure imposed the casing. the 
type completion, the annular space between 


tubing and the casing filled with drilling fluid 


with water, thereby confining the well pressure 
the inside the tubing. the absence corro- 
the materials selected for casing and tubing 
wells depend their physical characteristics, 
into account the changes that occur during the 
life the wells. Low-carbon steel tubular goods meet 
ysical requirements. The API specifications for 
not take corrosion into considera- 
Experience has shown that, where conditions 
such that wells can completed and operated 
pressure the casing, the use chemicals 
contro! corrosion these mild steels feasible 
economical solution the corrosion problem. 
corrosive condition exists and where pres- 
other conditions dictate that the tubing 
acceptable method has been found con- 
trol corrosion the inside the tubing. 

threaded connections the tubing 
when set packers common problem 
types oil and gas wells. Where the produced 
are not corrosive, small leakage ordinarily 
considered minor importance because the rate 
seldom increases rapidly. Where the pro- 
duced fluids are corrosive, leakage, once started, in- 
creases rapidly due the fact that the threads begin 
which turn permits movement more 
which accelerates the rate. Surveys made 
committees the API indicated the need for con- 
siderable work, and the API has started research 
work suitable thread lubricants and reviewing 
joint designs. 

Several the producing companies have made 
independent studies thread leakage and are im- 
proving their field practices regard installing 
tubing strings. The most significant recent changes 
which are being adopted include the use higher 
and more uniformly applied torque when making-up 
joints, the selection and use thread dopes that 
have been bench-tested and have shown the ability 
act sealing material addition serving 
lubricant and antigalling material. The 
mke-up torque commonly used nominl 2-inch 
upset tubing 1500 2000 foot-pounds and 2000 
2500 foot-pounds nominal tubing. 
Several operators have begun the practice remov- 
ing couplings from API pipe, thoroughly cleaning 
all threads, applying suitable dope, and making-up 
the joint with the coupling “floating,” both pair 
threads are made-up the same time. Consider- 
able study has gone into the design possible 
threaded connections improve leakage resist- 
ance. The real importance obtaining leakage re- 
fields which corrosive conditions exist 
lies the fact that, leakage permits corrosion 
the threads with subsequent aggravated leakage, 
Workover job must performed correct the condi- 
Additional money invested corrosion resistant 
tubing materials cannot justified easily unless all 
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workover jobs are eliminated because usually only 
about percent the cost the workover 
for material that has replaced. 

One method controlling corrosion gas wells 
while still controlling well pressures involves the 
careful design casing programs the installation 
full length liner permit holding well pressure 
the casing inside the liner. With this ar- 
rangement, chemical control the corrosion both 
possible and economically feasible. probable 
that more wells will equipped such manner, 
and so, ordinary steel tubular goods should suffice. 


Tubing Materials 

Steel tubing not uniform material from 
corrosion standpoint. Figure shows caliper survey 
well which corrosion has advanced serious 
condition, and interesting see that number 
joints located random the string appear 
have not been affected corrosion. This condition 
has been found quite few wells, and clearly 
shows the lack uniformity the corrosion in- 
dividual lengths tubing exposed the same en- 
vironment. were uniform material and cor- 
rosion could distributed throughout the tubing 
string, corrosion would not economic impor- 
tance. Failures, well known, are due pitting, 
and there are numerous factors which cause this 
so. Some the factors are the conditions mill scale 
when the pipe installed, the lack uniformity 
grain structure, the presence various types mill 
defects which are little importance from 
physical standpoint, stresses present, and stresses 
imposed the string installation and use. Com- 
panies that have been coating pipe with baked-on 
resinous coatings have found necessary inspect 
all pipe after has been prepared for coating 
defects nature unsuitable for coating. some 
batches tubular goods, has been necessary cull 
high percent. user were carefully in- 
spect and cull black pipe that into condensate 
service, possible that some early failures could 
avoided and the service life the string might 
increased, but this itself would not affect the gen- 
eral picture much. Some improvement the culling 
practices black pipe the mills indicated from 
corrosion standpoint. Figure shows unusual 
mill defect, but should remembered that takes 
only one serious mill defect and localized corrosion 
cause work-over job. 

Two strings galvanized tubing have been used 
oil wells the Bayou Sale Field Louisiana. The 
life one was better than the black tubing 
replaced. The other was replaced before actually 
failed. This would expected and substan- 
tiates the NACE’s spool tests. 

One the principal objectives making the 
NACE spool tests was indicate suitable materials 
for condensate well tubing. The tests showed that 
percent nickel steel appeared feasible, and has 
been installed about wells operated about 
different companies. None has been service 
long enough permit good evaluation compari- 
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Figure 1—Caliper survey condensate well tubing. Note unaffected tubing lengths. 


son with black pipe. costs about $2.00 $2.40 per 
foot complete and ready for installation and varies 
price depending upon size and type joints used. 
the most extremely corrosive wells isolated 
cases, such marsh water locations where 
workover costs are excessively high, such expensive 
alloys appear justified. However, doubtful 
whether such material will ever widely used 
unless lower price possible the gas producer. 
Producers operating relatively large number cor- 
rosive condensate wells find that the average well 
such that corrosion losses, when using black pipe and 
replacing becomes necessary, amount the 
equivalent about $1.50 per foot for material which 
will give years trouble-free service. 
other words, operator has replace black 
tubing every years, the cost the program 
over period years does not justify paying 
more than about $1.50 per foot for tubing. Alloy 
tubing is, course, competition with other 
methods controlling corrosion such the use 
inhibitors and other types tubing materials. Elec- 


trolytic action between the outside the tubing and 
the inside the casing potentially serious, the 
two are dissimilar metals, this raises question which 
still needs answered. The reported failures 
service requires careful observation condensate 
service because cases embrittlement plugs 
and other low carbon steel equipment have been re- 
ported. possible that embrittlement can occur, 
and probably the only way that this can properly 
evaluated actual service. 

Five percent nickel steel and other low alloy steels 
may find some economic use; however, the NACE 
tests combination with the work done the 
Bureau Mines would indicate that percent nickel 
preferred, particularly view the small 
price difference. 

The only other material tested the spool 
tests that appears feasible for tubing nicke|-plated 
steel. Two strings such tubing have been service 
for about months which too short time 
evaluate the material. Water samples taken from 


plate 
stage 


fore 
the 
and 
Fiel 
stal 
The 
duc 
duc 
salt 
and 
typ 
sib 

pic 
the 


and 
the 
which 
sulfide 
ensate 
plugs 
re- 
occur, 


steels 
the 
nickel 
small 


spool 
lated 
time 
from 


CORROSION 


HIGH PRESSURE OIL WELLS 


Figure 2—Internal corrosion oil well 


wells equipped with nickel-plated tubing indicate that 


the iron contents are the range from parts 
per million compared with 200 250 parts per 
million when black tubing was used. Caliper surveys 
have not yet meen made. The tubing service has 
been plated one manufacturer, and second manu- 
facturer has developed procedures the point where 
the material may more readily available. Cur- 
rently, the cost nickel-plated tubing about $1.50 
and continued improvement made pro- 
cedures and suitable volumes are used, this price 
can probably reduced $1.25 foot less. Nickel- 
plated tubing present still the experimental 
stage, but its wider trial appears justified. 


Plastic-Coated Tubing 

Tubing coated internally with baked-on phenolic 
resins was tried 10,000-foot corrosive oil wells be- 
fore trying condensate wells. Figure indicates 
the differences service life obtained from coated 
and uncoated pipe oil wells the Bayou Carlin 
Field Louisiana. The coated string was installed 
August 1945, and the uncoated strings were in- 
Stalled January and March 1946. The caliper 
surveys used Figure were made July 1949. 
These are the only wells this field and their pro- 
duction histories are similar. Pipe line oil was pro- 
duced for months after completion, and the 
salt water production increased gradually above 
percent. Earlier caliper surveys uncoated pipe 
and visual inspections revealed that the condensate 
corrosion occurred before salt water produc- 
tion started. Electrolytic corrosion due carbon di- 
oxide the salt water appears bad and pos- 


worse than that due acidic fresh water. The 


generally the same the Bayou Sale Field 
has about producing wells. 
the carbon dioxide content the gas from 
the several Bayou Sale that varies 


tubing aggravated unusual mill defects. 


from 0.75 1.2 percent. The approximate life 
black tubing years and shortest where the 
carbon dioxide content the gas highest. 

Tubing properly coated with baked-on phenolic 
type plastic coatings has proved economically 
feasible corrosion preventive measure deep oil 
wells similar those discussed. costs about $1.00 
per foot about twice the cost uncoated tubing. 
Plastic coatings have not yet been used many 
gas-lift wells where they may fail from localized 
erosion, but such wells, corrosion can controlled 
with chemicals about equal possibly lower 
ultimate expense. 

The experience with plastic-coated tubing con- 
densate wells has not been good oil wells, 
but the picture distorted because the thread leak- 
age problem. There have been about 120 strings in- 
stalled all companies and about strings have 
been reset replaced after average about two 
years service. About the strings were pulled 
because joint leakage. There are number 
strings that have been service more than three 
years, and caliper surveys show that they are 
essentially new condition. 

Plastic-coated tubing can used economically 
corrosion preventive measure large number 
condensate wells. Such practice has limitations, 
the principal one which the care necessary 
preparing and coating pipe. Other limitations are 
that possible damage coatings with tools and 
wire lines run inside tubing, and appears that 
wells that produce very high rates, erosion may 
factor leading toward early failure. fields 
which regulators chokes are set the tubing 
string, believed good practice use one 
two joints percent nickel steel nickel-plated 
steel above the tool obtain protection against ero- 
sion and corrosion this critical point. 

has been found that, order obtain good 
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Figure 3—Comparison coated and uncoated tubing Bayou Carlin oil well service. Tops survey coated pipe after 3.9 years’ service. Other 
two surveys are uncoated pipe after 3.4 and 3.5 years’ service. 


plastic coating, goods have thoroughly improvement over that obtainable three four 
cleaned the bare metal and have inspected years ago. 


boroscope methods cull mill defects the One question frequently asked with reference 
pipe which cannot satisfactorily coated. Such plastic coating tubing pertains whether coating 
fects include overlaps, inclusions that cause cracks should applied threads. Obviously, care isnt 
the surface the material, and pits having sharp taken when coating threads, the coating 


edges. Some the failure coated pipe can at- fere seriously with make-up which also affect 
tributed poor and not very thorough culling leakage. Included series tests studying leak- 
pipe before was realized that these extra precau- age the API threaded connections were tests 
tions were necessary. Some the failures have been which the thread elements were coated 
due having the coating too thick spots re- ways. These tests reveal that coating having 
sult “runs” the plastic material before baking. thickness 0.003 0.004 inch, although affects 
Advances have been made the techniques pre- thread standoff, does not affect the leakage resistance 
paring and coating pipe that the present product the joint when compared with uncoated threads. 


protec 


face 


Sod: 


indust 


forma 
can 


the 


but 
caref 
used 


corro 
neutr 


bulky 


are 


be as 
agen 
used 


vant 
well 
less 

prot 


1950 


other words, coated threads are similar un- 
threads, but from corrosion viewpoint, 
that the thread elements coated that 
continuous film plastic obtained tubing 


string. 


Neutralizing and Inhibiting Chemicals 
Data recently accumulated the NGAA Sub- 
committee the Use Inhibitors indicate that the 
use chemicals raise the the produced 
and the use chemicals that act inhibitors 
probably give the operator the most economical 
controlling corrosion condensate serv- 
This true, particularly larger fields, provided 
the wells can equipped that injection 
chemical possible the lower part the tub- 
ing string. Chemicals injected such manner 
protect the tubing, the flow lines, and any other sur- 
face equipment. 

Soda ash solutions have been used advantage 
the Katy Field for about four years resulting 
cost for corrosion prevention. The total 
cost this operation about $50,000 year, 
$0.28 per million cubic feet gas produced. 
Tubing caliper surveys and water analyses show that 
corrosion the Katy Field almost completely 
controlled. Other neutralizing agents use the 
include ammonia, sodium bicarbonate, and 
sodium hydroxide. These inorganic materials have 
because there little “lasting” effect. Another ob- 
jection that freezing the water solutions and the 
formation hydrates the gas equalizer lines occur 
weather. possible form scale adjacent 
the point chemical injection, but such scales 
can removed discontinuing injection for few 
days using wire line tools such paraffin re- 
moving bits and scrapers. The addition chromates 
tothe alkaline solutions improves the “lasting” effect, 
but view the increased scaling tendencies, 
attention has given the methods 
used feeding such soltuions. 

are usable inhibit against condensate 
corrosion, but they are not easy apply are 

agents organic chemicals. More care 

ordinarily necessary when using chromates 

obtain protection throughout the system and avoid 
bulky scale deposits. 

Organic compounds which cause steel prefer- 
oil wetted which act emulsifying agents 
water from coming contact with the steel 

easier use than water solutions and appear 
effective about the same cost neutralizing 
There one compound rather wide use 
and several others that are less widely 
likely that additional suitable compounds 


Other 


four 


isn't 


will developed. materials have the ad- 
leak- having better “lasting” effect than 
sts agents. has been found that, after 
well has been treated for few months and satisfac- 
protection has been obtained, less chemical 
less frequent batch treatments suffice continue the 
tance Protection. Some operators use truck equipped 
amount chemical into each well, while 
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others use pumps batch lubricators each well. 
usually takes months after the use 
organic chemical started determine the effective- 
ness inhibitor. Apparently, these chemicals 
tend remove mill scale and corrosion products be- 
cause the iron content the produced water de- 
creases slowly. Frequently, after three months use, 
the iron content the produced water still about 
parts per million although still decreasing. 
Coupon tests usually reflect the reduced corrosion 
rates months after treatment started. 
There have been relatively few comparative caliper 
surveys made wells treated for periods year 
more with organic chemicals. The few “before and 
after” one-year-of-treatment surveys that the writer 
has studied indicate corrosion has been stopped even 
though the iron content the produced water has 
not been reduced below about parts per million. 
view the fact that large number conden- 
sate wells are completed with tubing set packers, 
variety chemicals liquid, granular, and stick 
form have been tried dumping pumping them 
into the tubing string daily less frequently. 
entirely satisfactory chemical has yet been worked 
out because the frequency having shut-in 
wells while chemical injected and the difficulty 
feeding satisfactory quantity. Organic chemicals, 
made stick form, may ultimately answer, 
provided that the amount chemical necessary per 
injection can reduced that the frequency 
injection can reduced about once week. 


Sodium Silicate Film Former 

The properties sodium silicate lend themselves 
agent and scale forming material. This was first 
tried 1947 injecting 10-gallon batches undi- 
luted commercial sodium silicate into several wells. 
After three weekly injections, they were discontinued 
because was found that the scale-like deposits 
which formed the wellhead assembly and the 
top part the tubing was rather thick. was ob- 
viout that frequent injections small amounts 
sodium silicate would objectionable because the 
excessive scale formed. About six months later, 
internal inspection the wellheads showed the de- 
posits had not been removed the fluids being pro- 
duced. The next attempts using this treatment con- 
sodium silicate solution into each six wells. After 
the wells had been shut-in for about four hours, they 
were returned production and two wells bridges 
were found the tubing and small plugs were formed 
tees two flow lines. The bridges and plugs were 
removed rather easily mechanical 
accumulation solid material was found several 
gas-oil separators, and was removed washing 
with water. 

Since these early tests, various combinations 
quantities and concentrations sodium silicate solu- 
tions and various shut-in times have been used. 
exact procedure can yet recommended, but 
believed that the following procedure suitable 
most cases. With the well shut-in, 150 gallons 
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water solution sodium silicate should 
pumped into the tubing rapidly possible. The 
solution should contain percent sodium sili- 
trated sodium silicate. The well should remain shut-in 
production. The wellhead valves should thoroughly 
lubricated before the injection and again day 
two after the injection. The operation gas-oil sepa- 
rators should checked for several days after treat- 
ments. 

The use sodium silicate stop leaks cooling 
systems well known. Its use tubing has stopped 
leaks several cases and has reduced leakage 
others. probably has prevented leakage some 
cases can stop very small leaks just started. 

Currently, about 200 wells operated about 
companies are being treated every 2.5 months 
with sodium silicate. has been found rather 
difficult evaluate the success this type sodium 
silicate injection corrosion preventive measure. 
Caliper surveys made wells which the 
treatments have been used for period over 
year indicate that corrosion has been stopped. In- 
spection wellhead assemblies after one more 
treatments shows that scale deposited which 
not easily removed the well fluids. Careful exami- 
nation string black tubing removed from 
well, because bad thread leaks, after had had 
two silicate treatments, revealed film 
silicate scale the surface. This film was not 
continuous, but was present throughout the string. 
not known how much scale was present but 
was removed the process killing the well with 
water and mud prior pulling the tubing. 

Analyses made the water produced wells 
which silicate treatment was used indicate general 
reduction the iron content the water produced, 
but the iron contents vary widely that im- 
possible draw accurate conclusion the 
amount protection being afforded. some cases, 
found that the iron content parts per 
million much two months after the injection. 
many cases, the iron content does not drop below 
parts per million. Immediately after treat- 
ment, the iron content usually high because 
the scouring action the chemical. 


Wellhead Assemblies 

Wellhead equipment longer considered 
problem because component parts made corrosion 
resistant materials are available reasonable costs. 
The NACE spool tests and tests actual service 
show that steel containing percent chromium, 
18-8 type stainless steel, Monel, Stellite, and Hastel- 
loy give trouble-free service. considered good 
practice new fields where the corrosion level has 
not been determined use these materials the 
master valve and for flange ring gaskets. Other pieces 
equipment can replaced fairly easily con- 
ditions warrant. These same materials can used 
chokes, regulators, and safety valves employed 
the tubing strings. Using ordinary steel choke 
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assemblies often desirable first because 
beans can used “coupons” determine the 
degree corrosion. The scale formed sodium 
cate treatments protects wellhead equipment 
chokes. Special materials are not needed 
heads oil wells such Bayou Sale, hecause 
protecting paraffin deposits. 


Flow Lines 

Internal corrosion flow lines and other 
equipment condensate service has been found 
erratic, but general corrosive condition 
Black pipe used and can protected with 
cals and chemicals are used protect the 
protection the surface lines also obtained. 
corrosion resistant tubing used, the corrosion 
flow lines often accelerated. 


Identifying Corrosive Wells 


practice order determine the location, severity 
and rate corrosion, and most well operators 


surveys made annually all but their least 
tant wells. Surveys are sometimes made more 


than once year while studying the effect chemical 


treatments. Surveys made immediately afier 


completed establish “base line” are believed 
have little value because the industry has 
defects and corrosion pits. Frequently, surveys 
during the first six months that well producing 


indicate that corrosion has not started while 


quent surveys show rather high rate corrosion. 


This has never been explained satisfactorily but 
probably due materials present that act 


tralizing agents for while due the fact 
that the intercrystalline attack takes while 
come apparent. 

The iron content fresh water produced from 


condensate wells fairly reliable indication 
severity corrosion, but not entirely so. 
must taken obtain representative water 
ples. the iron content less than about parts 


per million, corrosion unimportant. above 


150 parts per million, corrosion economic 


portance. When between and 150 parts per 
million, the corrosion should 
unless further investigation proves otherwise. 

The carbon dioxide content the gas appears 
good relative index the severity corrosion 
when other factors are Where the carbon 
dioxide content 0.2 percent less, corrosion not 
problem. fields which more than one 
produces, the corrosion varies directly with the car 
bon dioxide content. 


Summary and Conclusions 
the corrosion problem condensate 
wells fairly well understood. that 
each field and often each well different 
The most economical solution individual prob- 
lems can arrived only after studying ‘he cor 
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rates, the equipment failures, and the success 
corrosion preventive measures tried that par- 


field. 

Successful corrosion preventive measures have 
found for condensate wells where tubing not 

The use plastic-coated tubing economical 
the problem deep flowing oil wells. 
Several methods preventing corrosion tubing 
trial experimental stage development. 
none has been established being economical 
all The jointing problem requires further 
ble material, but present prices will 
service economical the average corrosive 
Nickel-plated steel looks feasible. The use 
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black tubing protected sodium silicate treatments 
looks promising. 

The corrosion problem condensate fields appears 
about one-half solved. The other one-half will 
have come from further study present methods 
controlling corrosion and continued cooperative 
effort. Additional chemical and metallurgical develop- 
ments appear desirable. 
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Introduction 
DISCUSSION the polarization electrodes 
must necessarily predicated upon knowledge 

the true thermodynamic potentials those elec- 
trodes, since any departure potential elec- 
trode from the thermodynamic potential concerned 
with polarization. Figure shows how the thermo- 
dynamic potential number metals varies with 
the activity the ions these respective metals 
solution. 

rigorous thermodynamic treatment elec- 
trode potentials necessary use the activities 
the ions, that is, their thermodynamic concentra- 
tions rather than the gravimetric concentrations. The 
activity the ion related the gravimetric con- 
centration the equation where the 
activity moles per 1000 grams water, the 
concentration moles per 1000 grams water and 
the activity coefficient which infinitely dilute 
solutions has value unity. Since may simplify 
the discussion without sacrificing exactness the 
principles, the activity will used throughout the 
remainder the discussion being equal the 
concentration; that will considered being 
equal one. From Figure possible state, know- 
ing the concentration ions solution, the potential 
below which gas metal cannot plated out the 
potential above which the gas metal can not 
converted into ions the solution. For example, 
piece zinc solution its ions concentra- 
tion molal has potential —1.2 volts, 
the reaction will not occur. If, the 
other hand, the potential the electrode —1.4 
volts, the reaction will not occur. 
The first reaction the reduction reaction cathodic 
reaction, and the second oxidation reaction 
anodic reaction. The overall driving force cell 
the difference potentials for the anodic and 
cathodic reactions. 

The reactions Figure with the exception 
1/2H, occur most cases corrosion 
anodic reactions, although the case some 
metals under cathodic protection they may occur 
cathodic reactions. many cases corrosion, the 
hydrogen reaction occurs cathodic reaction. How- 
ever, cathodic reactions involving oxygen are also 
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The Role Polarization 


Electrochemical 
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2.0 


Abstract 


its most practical aspects well its funda- 
mental mechanisms electrochemical corrosion al- 
most always associated with irreversible electrode 
phenomena. The multitude factors involved 
these phenomena may defined 
polarization. Idealized schematic well actual 
polarization diagrams are discussed. Methods cor- 
relating polarization with corrosion data such 
weight loss are shown. method for obtaining the 
contribution made the polarization elec- 
trode reaction the total polarization observed 
electrode described along with the implications 
thereof the evaluation the true over-voltage 
values. addition, other factors which fall 
within broad definition polarization are treated. 
The relationship the so-called drop true 
ohmic resistance metal liquid interfaces polari- 
zation diagrams and voltage concepts discussed. 
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Potential - Volts - N/IO Calomel Scale 


LOG 
Figure activities the thermodynamic electrode potential 
reactions involving oxygen. 


many corrosion processes. The thermo- 
potentials three the more important 
involving oxygen are shown Figure 
must pointed out that the thermodynamic 
dependent not only upon the concentration the 


hydrogen ion, but also upon the partial pressure 


oxygen and the concentration hydrogen peroxide. 
This point emphasized because many are prone 


disregard those contributing factors which 


times may difficult evaluate. 


sible for several reactions occur, depending upon 
the composition the solution and nature the 
metal. there interference with the reaction 
products from the system, equilibrium 


will established between the reactants and prod- 
ucts and further reaction ceases. Consider metal 


such zinc slightly acidic solution ions 


which has been freed all dissolved gas. One 


the reactions which, from the energy viewpoint, 
could occur 


and the reaction should proceed until equilibrium 
established. well known that this reaction, 


despite favorable energy relation, does not proceed 
said that the reaction polarized. 
Hence, when single electrode metal such 
solution, least two reactions must 
considered, which means turn that two thermo- 
dynamic potentials must involved, that Ez, and 
Inasmuch two different potentials cannot 
simultaneously exist the metal, the difference 
the two potentials Ez, and shown Figure 
must reconciled. Since the measured potential 
closely the Ez, calculated from ther- 
modynamics, the hydrogen reaction polarized. 
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POTENTIALS VOLTS 


GRAINS 


BOUNDARIES 


POTENTIAL GRAIN BOUNDARIES AND GRAINS 


SOLUTION N/IO CALOMEL SCALE 
GROSS VOLTS 


ALUMINUM COPPER COLD WATER QUENCHED 


AGED HOURS 150°C. 
Figure 


Thus, may concluded that: 

When the measured potential electrode 
corresponds the thermodynamic potential for 
one the possible reactions, all other possible 


reactions are polarized. 

When the measured potential electrode 
does not correspond the thermodynamic poten- 
tial for any the reactions that are possible 
the electrode surface, all the reactions are 
polarized. 

From the foregoing, electrochemical polarization 
can encompass those phenomena that prevent 
electrochemical reaction from attaining its equilib- 
rium state thermodynamic sense. The prevention 
reaction electrode surface attaining its 
thermodynamic potential when current flowing 
from the surface, usually considered being 
manifested back emf. For example, the reaction 
librium and, consequence, the measured poten- 
tial the electrode differs from that corresponding 
its thermodynamic potential, the electrode said 
polarized and the difference potential from 
the thermodynamic value has been termed over- 
voltage. 

the actual measurement electrode poten- 
tial, voltage effects, other than those created because 
equilibrium not attained, may included. When 
current from any source flowing from 
electrode surface, voltage drops may occur across 
ohmic resistances the metal-liquid interface. Such 
voltage drops are included most polarization 
measurements. 

When electrode polarized cathodically, the 
value the potential moves anodic direction, 


trodes. 


O12 O13 O14 
Current Milliamperes 


Figure local polarization curves for iron N/20 
potassium chloride illustrating cathodic control. 
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Current Current Milliamperes 
Figure 5—Experimental local po- Figure 6—Experimental local po- 
larization curves for larization curves aluminum 
stainless steel 150g sodium potassium sulfate and 0.3% 
chloride and 0.84g ferric chloride hydrogen peroxide illustrating 
per liter illustrating anodic control. mixed control. 
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Figure 7—Two types schematic diagrams illustrating 
mixed control. 
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Diffusion Control Resistance Control 


Figure 8—Polarization diagrams showing diffusion control and resist- 
ance control. 
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and when polarized anodically, the value 
potential moves cathodic direction. 
This article concerned primarily with 
corrosion referred the electrochemical 
metals and alloys occuring whenever the 
are placed conducting media. 
ing solution, composed partly its own ions, 
instance, current will flow between differential 
tial areas the surface the metal even though 
the electrode half-cell reaction considered 
versible, and polarizing phenomenon will 
adjacent the metal surface and the vicinity 
the differential potential areas due the 
effects resistance, overvoltage and polarization 
discussed above. That these areas exist well 
important experiment adequately demonstrating 
this phenomenon was that reported payer 
actual potential values various areas 
num-copper alloy were measured. See 
to an | 
kee 


<= 
> 
o 


the lat 
incr 


Types Control 

the irreversible effects the cathode areas in- 
fluence the corrosion velocity while those mor 
anode areas not, according Evans the 
under cathodic control. See Figure The point the 
which the anodic and cathodic polarization 
intercept the measured potential, and the 
the intercept the limiting corrosion current. Con- 
versely, the irreversible effects the anode 
influence the corrosion velocity while those the 
cathode area not, the system under anodic 
control. See Figure When effects both the 
cathode and anode areas affect the corrosion rate 
the system said under mixed control. 
Figure not necessary that these effects 
produced discrete areas long the polarization 
the respective anodic and 


The 


Fiollow 


stantial group electrochemists the field 


sion who use this type. fundamental differences 


between the Evans and the Pourbaix type 
are found, although there may systems which 
one the other may used more 
The corrosion current and measured potential the 
Pourbaix type diagram are found very simply. The 
current coordinate and intersecting the anodic 
tential coordinate, the measured potential. The 
corrosion current will measured directly from the 
point which the horizontal line intersects the 
polarization curve. 

the above examples was assumed that same 
resistance the solutions was low. However, 
the resistance the solution appreciable, 
factor must considered. With increasing 
the value the corrosion current will move from 
the point intersection the anodic and will 
curves and the corrosion rate will decrease 
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factors can also vary with the resistivity 
solution. Such factors the changes oxygen 
oncentration with increasing salt concentration may, 
course, affect the rate corrosion that more 
han just the factor must taken into account. 
Vhen the polarization both the anodes and the 
negligible, the system will under re- 


the flow current controlled diffusion 


Fick’s laws diffusion, the numerical 
the concentration polarization ap- 


Vicinity proportional the current density when 
latter relatively small. However, the current 
rization increased and approaches limiting value that 
ell upon the diffusion coefficient the ionic 
onstrating question and the thickness the diffusion 
the electrode and the solution, the 
magnitude the concentration polariza- 
increases rapidly. When the current increased 
extent that the rate diffusion insufficient 
keep with the discharge the ions the 
areas then the potential will change abruptly 
more negative value until another electrode process 


occur. Within relatively broad limits the extent 

point the anodic polarization will not affect the corrosion 


current 


rent. Correlation Between Weight Loss 
ode and Corrosion Current 


any the foregoing diagrams. From Fara- 
laws this proportionality represented the 
equation 


both the 
reactions 


The validity this equation can examined 
weight loss data polarization data. 
has tabulated data weight loss partially 
liagrans specimens steel exposed N/20 KCl 
and the depth immersion. 
the Because the weight loss per unit time 


ply. The given dimensions proportional the 
current, weight loss per unit time scale 
the po- current scale construct the polarization dia- 
al. The For this construction, the open circuit potential 
rom the anodes and cathodes, and the corroding poten- 
specimens exposed N/10 under the 

hat the same exposure conditions. 
From the work Evans and Hoar could 
that the slope the cathodic polarization 
‘tt may assumed that the anodic polarization curve 
function the local anodic area the 
has been further assumed that this area 
proportional the total area the specimen. 
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Fig. 9—Construction polarization diagrams calculate weight loss 
resulting from corrosion. 


Knowing the corroding potential and the weight loss 
given specimen, the polarization diagram may 
constructed shown Figure the polariza- 
tion curves are straight lines shown Evans and 
Hoar, the polarization diagram may established 
plotting three points. Two the points are the 
open circuit potentials the anodes and cathodes 
zero weight loss and the third point located 
plotting the actual weight loss (for example, the 
actual weight loss sample against the corroding 
potential. joining the open circuit potential the 
cathodes with this last point, the polarization curve 
the local cathodes similarly joining 
the open circuit potential the anodes with the 
above point, the polarization curve the local anodes 
obtained. 

For specimens other sizes, the slope the 
anodic polarization curve will function the 
area the sample tested, multiplied constant 
also fixed the data used plot the point 


Figure The slope the cathodic polarizatiqn 
curve will function the width the specimen, 
multiplied another constant based the same 
data above. has been stated that the intersection 
the anodic and cathodic polarization curves the 
measure the corrosion current and that the latter 
proportional the weight loss. Construction 
the polarization lines having the slopes indicated 
the table gives the calculated weight loss directly. 


The weight losses for samples and predicted 
from this construction compare favorably with the 


measured values. 
Thus far, mention polarization applies 


value 
7 
| 
| 006 O6 ne | 
= 


190 CORROSION—-NATIONAL ASSOCIATION CORROSION ENGINEERS 


cathodic protection has been made. However, the shown and the magnitude the 


cathodic polarization curve any metal and some potential given For different values 
instances the point the cathodic polarization curve applied current, sufficient points can obtained 
which protection obtained, may construct the curve shown Figure 10b. 
from the individual local cathodic and local anodic the graphical construction the curve 
polarization curves. current versus potential was obtained applying 

shown Figure 10a the experimental local external current and measuring the potential 
anodic polarization curve represented The cathodically polarized specimen. The data produ 
anode consisted two pits aluminum specimen this manner are shown triangles Figure 


that were appropriately insulated methods well Complete cathodic protection achieved when 


Line represents the local cathodic polariza- applied current sufficient value polarize 

tion curve. Line represents the cathodic polariza- entire specimen (including drops the 

tion curve the two pits when they are made liquid interfaces) potential corresponding that 

cathodic the external current. The cathodic polar- the open circuit potential the pits any 


ization curve the sample including both the pitted point where the cathodic polarization current 
and unpitted areas when external current applied, greater than zero. many instances this 
can constructed choosing any point such point will accentuated sharp point 
line and drawing horizontal line, for instance tion curve Particularly this true systems where 
be, perpendicular the potential coordinate. The under cathodic control systems under mixed 
intersection line with the potential axis may control but closely approaching cathodic 
taken the potential which the local cathodes Reference the schematic diagram 
have been polarized the external current i,. anodic control shows that when the system under 
order estimate the local action current that complete anodic control (no cathodic 
supplied the local anodes, curve drawn impossible accomplish cathodic 
transposing the left all points curve may not immediately apparent that cathodic 
amount cb, which the magnitude the externally protection for metal can obtained with 
applied current The intersection this curve with without electrichemical polarization. For example, 

the local anodic polarization curve the measured potential metal electrode, when 
anodic current, corrosion current, with externally external current applied, determined 
applied current ix. The potential point the following relation 
measured potential the entire specimen for the 
applied current ix. Hence point can plotted 
applied current against the measured potential where and are the unpolarized local anodic 
the specimen, where the magnitude the current cathodic potentials, respectively, the condition 
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Figure 10—Construction the cathodic polarization curve aluminum specimen from the experimentally obtained local anodic and 
cathodic polarization curves. 
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values and hence for this condition 
*Tification = E’e + IcRe (4 
For complete protection achieved, the un- 
Plying olarized potential the local cathodes plus the 
the ohmic resistances the local cathodic 
obtained interfaces multiplied the applied 
current, must equal the open circuit unpolarized 
potential the local anode area. Therefore, 
possible achieve cathodic protection without elec- 


polarization having occurred. some 
the measured potential the metal electrode 
determined the relation 


that 
any 
irrent 
this 


wn 


(E's AEap) (E’c + AEcr) == ©) ( 


and are the local anodic and cathodic 


potentials, respectively; the electrochemical 
the local anodes, equal some 
resenting 
the electrochemical polar 
ation), 
the local cathodes, equal some func- 
vith and The condition for attaining cathodic 


the 


Thus, cathodic protection may attained with 
anodic Without the occurrence true electrochemical polar- 


Experimental Determination Local Anodic 
and Cathodic Polarization Curves 

The advantage knowing the shape the local 
the local cell current, any corrosive system 
indeed apparent. Unfortunately, past methods 
obtaining the information necessary for the construc- 
these important curves have been limited 
where the local anodic and cathodic elements 
isolated where the currents could 
from external polarization curves and 
weight loss volumetric measurements 
hydrogen gas Recently, however, 
preliminary experiments have been made which 
principle appear provide solution some 
pot the cases where not possible isolate the 
anodic and cathodic elements. 
The problem determining the local current may 
resolved the solution the following equation, 
the potential the electrode remains 


Ix+ (7 


here the externally applied current, the 


200 cell current and the sum all the currents 
the total number reduction reactions oc- 
cathode when the latter cathodically 
and Measurement the terms included the quantity 


presents most difficult problem and may only 
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feasible employing indirect methods. The possi- 
bility measuring indirectly the components 
not new idea, but previous some recent work 
Dr. Paul little had been done evaluate 
accurately any the currents question. means 
the polarographic method Delahay was able 
follow the disappearance oxygen with time, the 
potential the specimen being constant over that 
period time. Assuming the oxygen reduction re- 
actions 


and 


mixtures these reactions, calculated means 
Faraday’s laws the current corresponding the 
rate consumption oxygen electrochemical 
reduction for several potential values. 

combining the techniques developed Van 
and and with some slight 
modifications the authors, the local cell current 
for aluminum specimen cms? area, immersed 
solution one molar potassium chloride, and 
containing moles per liter oxygen and 
moles per liter sulfuric acid, has been 
experimentally determined ml. air tight glass 
container fitted with magnetic stirring device. The 
apparatus shown schematically Figure 11. 
each potential the amount hydrogen ion and 
oxygen consumed and the amount hydrogen per- 
oxide present were determined means polaro- 
graph for exposure periods 20, and minutes, 
each period requiring new specimen and new 
solution. Each point was determined three times, 
thus using nine specimens determine average 
curve. 

With the above information 
calculate for each period exposure and for each 
potential the total amount hydrogen ion consumed. 


CONTROLLER POTENTIOMETER 
O O 0 


Figure for polarographic study cathodic polarization 

processes: A—platinum anode; salt bridge; C—N/10 

calomel reference electrode; milliammeter; L—electrochemical link- 

age between potentiometer and voltage controller; M—magnetic stirer; 
S—aluminum specimen. 
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This includes the amount hydrogen ion consumed 
the reactions 


2H*+ O. + 2e — H:20. (10 
4H* + O.+ 4e — 2H:0* (il 


hydrogen ion not consumed any other re- 
actions, then the difference between the total hydro- 
gen ion consumed and that consumed the reactions 
(10) and (11) the hydrogen ion consumed 
reactions (12). 

plot can made the total hydrogen ion that 
consumed against time exposure constant 
potential. From the slope this curve the initial 
application external current (that is, zero time), 
the total current resulting from the cathodic reduc- 
tion reactions involving hydrogen ion was cal- 
culated and has been plotted Figure 12. Assuming 
that hydrogen ion consumed only reactions 
(10), (11), and (12) plot was made the hydrogen 
ion consumed reactions (10) and (11). was 
done the case the total hydrogen consumed, 
the current resulting from reactions (10) and (11) 
was calculated from the slope the curve zero 
time. This current also shown Figure 12. The 
difference between the total cathodic current and 
that current resulting from oxygen consumption re- 
actions, (10) and (11), gives the current resulting 
from reaction (12), The current 
attributed reaction (12) only valid this experi- 
ment the above three reactions are the only ones 
involved the cathodic processes. general, this 
appears valid assumption, but the possibility 
other cathodic reactions must not neglected. 
Indeed, polarographic studies have shown that when 
hydrogen peroxide formed presence dissolved 
carbon dioxide, percarbonate type ions are formed 
and have appreciable affect the corrosion rate 
some Figure are shown some pos- 
sible thermodynamic potentials which the reduc- 
tion percarbonic acid could consume hydrogen ion 
the cathode. These estimated potential values 
indicate that such reaction occurs relatively low 
cathodic potentials. 

the general case consideration all cathodic 
reactions occurring system becomes very in- 
volved because the large number possible re- 
actions. For example, the above experiment the 
solution was 10% molar sulfate ion. 
shown Figure that the thermodynamic potential 
the reduction reaction which sulfate ion con- 
sumes hydrogen ion the cathode relatively 
high potential and not thermodynamically prob- 
able the percarbonate reaction. Although not 
believed that the sulfate ion was operative the 
cathodic processes the above experiment, further 


* It is not improbable that reaction (11) can proceed by at least two 
other mechanisms, namely, 


2H* H:0: of 26° = 2H2O 


4H* +- 20: 2H:O 


Current Hydrogen Evolution 
Current Oxygen Consumption 
4 Total Cathodic Current 


03 O4 O58 O6 ©O7 
Current - Milliamperes 


Figure 12—Cathodic polarization curve produced hydrogen ion 

duction, oxygen reduction reactions, and the sum hydrogen 

solution was one molar potassium chloride, 2.2 molar 
gen and 6.84 molar sulfuric acid. 
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Figure 13—Possible cathodic reactions encountered 


processes. 


work should include investigation this possibility 
From Figure 13, the reduction nitrate ion 
have been possible, this ion had been present 
the solution. Regardless other ions that could 
involved the cathodic processes the 
experiment, does not appear that 
possible reactions would have occurred without 
suming hydrogen ion. Therefore, the tota! 
current calculated from the rate 
hydrogen ion the total cathodic current 
given value external current required 
the aluminum specimen given potential. 
sequently, from equation (7) the difference 
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the total cathodic current and the externally applied 
current will the local anodic current shown 
14. observed that the specimen 
slightly over 900 millivolts the 
calomel scale that the local anodic current 
low value. This shows that cathodic protection 
essentially complete aluminum (2S-H14) this 
solution the potentials are more anodic than 900 
millivolts. This also serves emphasize that the 
cell action plays important role determin- 
the shape polarization curves. 
The above method determining the local anodic 
cathodic curves requires the experimental deter- 


ion mination the total cathodic polarization curve and 

the resultant calculation the local anodic current, 
The 

nolar oy. the weight loss method used 


requires the experimental determination the local 
current and the resultant estimation the 
total cathodic polarization curve. The limitations 
the weight loss method have discussed else- 


i 


Drops 
Previously this paper reference has been made 
the inclusion polarization determinations 
the drop across ohmic resistances metal-liquid 
interfaces. Methods for determining the magnitude 


these drops have been advanced Pearson™ 
The magnitude these drops has been deter- 
mined the cathodically polarized electrode systems 
Figures 15, 16, and using apparatus 
after the Pearson bridge which shown 
Figure 18. After considerable ex- 
perimental work with models composed entirely 
metallic conductors and with several electrochemical 
was established that Pearson’s proposed 
analogy electrode surface was essen- 
tially correct. The data shown Figures 15, and 
indicate that the drops across metal-liquid 
during cathodic polarization vary 
degree, depending upon the nature the 
clectrode system. This means that the electrochemical 
not great generally assumed. For example, 
observed that mercury contact with solution 
with mercurous chloride does not show 
Cathodic 
would 
resent 
could 
above 
th q Ano Cathodic 
UU 
Current Milliamperes 
the local anodic corrosion current from the 
between the total cathodic polarization curve and the 
The solution was one molar potassium chloride, 2.2 
oxygen and 6.84 molar and 6.84 molar sul- 


furic acid. 
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Figure 15—Cathodic polarization curves zinc 0.2 molar sodium 


chloride solution and 0.1 molar zinc sulfate solution with and with- 
out drops metal-liquid interfaces included. 
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Figure 16—Cathodic polarization curves aluminum 0.2 molar 
sodium chloride solution with and without drops metal-liquid 
interfaces included. 
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Figure 17—Cathodic polarization curves mercury saturated mer- 


curous chloride solution and copper 0.1 molar copper sulfate 
solution with and without drops metal-liquid interfaces included. 
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Figure 18—Pearson bridge circuit for elimination drops from 
electrode potential measurements: C:, C:, N/10 calomel refer- 
ence electrodes; ammeter; N—vacuum tube voltmeter for null 


detection; P—potentiometer. 
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Figure 19—The effect current density the resistance per unit 
area several electrode systems. 


Potential 


Cathodic 


Current 


Figure diagram summarizing the role polarization 
corrosion. 
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electrochemical polarization low currents 
effects the ohmic resistances are appreciable, 
effect current density the resistance per uni 
area several these electrode systems 
Figure 19. First, noted that the 
resistance highest low current densities, 
might expected, the per unit 
aluminum greater than that metals such 
different magnitude for the same metal 
various electrolytic solutions. 


Summary 
Figure represents attempt show 
cally the role and the complexities polarization 


the corrosion metals. Point may taken 


the thermodynamic potential the anode 
and reactions, and may taken the 
dynamic potential the cathode areas and 
voltage effects other than those represented 
the reversible thermodynamic potentials occur, the 
corrosion current would determined the differ. 


ence potential divided the resistance 


electrolyte path between them. 


However, voltage effects are produced the 
liquid interfaces and they reduce the voltage 
able drive current through the corrosion 


circuit. One these effects the 
polarization the anode and cathode reactions 


Ie 


_ 


involve several reactions. addition voltage 
across ohmic resistances the metal-liquid inter 
faces are produced the flow current. 


effects further retard the corrosion current and 


have been added the electrochemical 
terms. the resistance the liquid 
small, the current flow resulting from corrosion 
given the intercept these last two 
that This value current may taken tht 
maximum current which can flow the 
cell. However, since the liquid path has 
resistance, rs, the current actually resulting shown 


where the polarization potential the 
amount 


anodes and cathodes are separated 
equal the irs drop through the solution. 
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Corrosion Sulfur Production; 


Use Alloy Protective Coating* 


Introduction 


CORROSION the producing tub- 
the Frash process for mining sulfur has 
been recognized one the operating prob- 


the production sulfur. evident that 


presence such materials sulfur, sulfur com- 
water, dissolved salts, and air well 
elevated temperatures operation provide severe 
conditions. The most severe corrosion 
found the interior the sulfur produc- 
tubing and the exterior the tubing which sup- 
the air lift the molten sulfur the surface. 


water, air, and dissolved salts contact only 


surfaces usually such high rates may antici- 


pated there. Inspection tubing removed from pro- 


wells showed that both severe general cor- 
and pit penetration was occurring. Also was 
that sulfides were being formed. 

There was information available which 
estimate the rates attack during the 
phases production nor could the observed 
corrosion explained simply from inspec- 
exposed equipment. studied the corro- 
rates several ferrous and non-ferrous alloys 
showed that the rate attack increased 
the presence water. Fanelli? showed 
the addition elemental halogens these sys- 
especially chlorine, accelerated the corrosion 
Aside from these papers, very little was found 
the literature. Accordingly, program investi- 
was undertaken develop this information. 
earlier portion this work has been reported 

ay aon nted at the Sixth Annual Conference, National Associa- 
: Corrosion Engineers, St. Louis, Mo., April 4-7, 1950. 


Laboratory, Continental Oil Co., Ponca City, 


Abstract 


Apparatus was devised and installed the field 
which permitted measurements the rates cor- 
rosion during the various phases sulphur produc- 
tion. From these studies was definitely established 
that severe corrosion occurred only when water and 
molten sulphur were contact with the steel sur- 
faces together. This was corroborated the labora- 
tory where was found that the corrosive effects due 
molten sulphur alone were negligible while those 
due the water alone were only little more serious. 
When sulphur and water came into intimate contact 
with the steel together, however, the corrosion rate 
increased manyfold. 

During the course these studies sections 
galvanized pipe normally used the wells were 
found resist the corrosive medium better than 
might have been expected the basis the stand- 
ard electrode potentials zinc and iron and the 
acidic character the water, sulphur, air mixture. 
was found that salt solutions the potentials 
the coating following exposure well was cathodic 
unexposed mild steel. Analysis the coating 
showed relatively high aluminum and magnesium 
content and was believed that the exceptional corro- 
sion resistance the galvanizing was due these 
materials. Coatings containing zinc, magnesium, and 
aluminum were prepared and these were found 
uniformly more corrosion resistant than the gal- 
vanizing alone, both laboratory and field ex- 
periments. Effectiveness the coating improved 
with increased concentration the light metals. 
Difficulties preparing alloys higher concentra- 
tions and obtaining adherent coatings have thus 
far imposed definite limitations the useful alloy 
range. 


Field Apparatus and Procedures 


Since the first objective was study the corrosive 
conditions existing producing sulfur well, mod- 
ification field exposure unit which had been used 
this laboratory condensate well corrosion 
studies* was made. The unit, shown cross section 
Figure consisted 20-foot section steam 
jacketed 3-inch line which was set the flow line 
producing well. bypass line was provided 


| 
| 
the 
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that coupons could inserted removed while the 
well was producing. Collars were welded into the 
pipe section approximately 8-inch intervals thereby 
providing for coupons. The coupons were 34” 
1/16” strips and were held the flow stream 
bolts which passed through slit rod. The latter was 
welded plug which fitted the collar. 

The coupons were shipped and from the field 
desiccators which were simply 5-inch pipe 
nipples, capped either end. Moisture was held 
minimum the desiccator inserting small bag 
silica gel. thick coating sulfur left the 
coupons after exposure also gave protection (see 
below). 


Coupons SAE 1020 steel coated SAE 1020 
steel were exposed. After cutting size the surfaces 
were abraded belt sander remove all mill 
scale. This operation was carried out slowly enough 
keep the coupons from overheating. The coupons 
were then numbered, weighed, and shipped the 
field, the pipe desiccators, for installation. 

After exposure the coupons were removed 
backing out the plug, slipping envelope over the 
coupon, and then unbolting the coupon. These were 
then inserted the desiccator and shipped this 
laboratory. 


Sulfur adhered the coupons withdrawal from 
the flow line. was found that the sulfur coating 
served protective layer and also held the corro- 
sion products place during transportation the 
coupons from the field. 

The sulfur had removed before laboratory 
evaluation work the coupons could 
taken. was found that could removed suc- 
cessfully placing the coupon still which CS, 
was refluxing. The coupon was placed that the 
CS, condensate dropped directly it. After single 
treatment there was generally some sulfur left 
the coupon, particularly the corrosion product was 


Figure 1—Section through collar field exposure unit. A-coupon holder 
and coupon; producing tubing; C-steam jacket. 
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thick. remove the remaining sulfur, the 
were heated 90° for one hour and then 
the refluxing CS, once again. Presumably the 
treatment provided more the CS,-soluble form 
increasing the rate recrystallization the 
phous material formed rapid cooling.* The 
was then weighed, the surface studied, and the 
rosion products identified were possible. 


The field apparatus was used first obtain 
the corrosion behavior during cycle 
tion. production cycle considered consisting 
three general periods: First, the boost period 
hot, high pressure water pumped into the well 
melt the formation sulfur and fill the lines; 


the production period when the molten sulfur 
lifted air the and third, the blow 


which the sulfur pool has been pumped down 


such point that water enters the tubing and 
reaching the lower pressure near the surface flashe 


form steam. While these periods are not always 


clearly defined and need not necessarily occur 
sequence, the combination delineates the type 


exposures expected. The relative length time 


each period variable, depending the 
wells. general, however, the boost and blow 
periods last for matter hours, whereas the 
production period may possibly cover 


Figure shows the coupon corrosion rates deter- 


mined well for complete cycle. Two 


coupons originally the field exposure unit were 
removed each day fifteen day period. The well 
was operation the start the test that the 
first five days represented sulfur producing period 
the fourth day, the well stopped pumping sulfur. 
boosting for two and half hours, was restored 
sulfur production which continued until the ninth 


day. the tenth day was boosted again 


produced sulfur until blew the twelfth day. 


seal was established the thirteenth day and 


sulfur production continued the end the test. 


plotting weight loss vs. time curve for 


coupons removed and comparing the operating data 
was evident that the corrosion rates for the 


various operating periods were quite different. Cor 


rosion rates during sulfur-producing periods 
comparatively small but during the times water 


contact increased greatly. Straight lines drawn 


give the average slopes, show for the first 
period, 0.588 IPY**, for the intermittent period, 
IPY, and for the blow and final boost, 3.175 IPY. 


Coupon corrosion during period fifteen days 
continuous sulfur production another 
shown Figure The curves represent the weight 
changes the coupons after they were desulphured 
and after descaling. course, incomplete removal 
sulfur introduces relatively large errors the de- 
sulphured weights when the corrosion rate 
since the weight scale slight. However, 
lower curve Figure was included 
moved and descaled curves together are useful 
showing scale thickness variations. The relatively 


* The Sp portion of the amorphous solid is not soluble in CS. 
** Inches penetration per year. 
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from steel well fluid 
igure eaction rate curve from steel coupons exposed well fluids 
the TIME, DAYS with particular attention boost period. production; 
init were Figure rate curve from steel coupons exposed well fluids water contact period. scale (sulfur removed); 
The A-normal production, IPY—0.59; 

that the Figure shows the results obtained for the test. 


found the previous experiment the rate attack 
during the sulfur production period was negligible. 
studying the boost period, coupons were removed 


curves indicate that after surface layer 


there practically penetration the 


the curve gave rate less than 0.0001 IPY. Since 
and the boost was nearly completed, and 12:45 


evidence pits was found this value the uni- 


day. when the well had sealed and was pumping inter- 
normal mittent slugs water. Normal sulfur flow then con- 


coating was found the coupons microscopic 
corrosive conditions during boost period 


for the coupons had been exposed normal sulfur flow. evident that the high rate attack takes 


nt. Cor place specifically during the water contact time. The 
were divergence the curves the period after water 
contact due the thick scale which was formed 


tinued and coupons were removed during each 
two additional days. Both removed and descaled 
values are shown Figure 


the test. 


period uninterrupted sulfur production (165 days) 
followed with little additional penetration. Just be- 
fore the well started producing slugs water, the 
air line perforated and was replaced. During the 
intermittent production water, the coupons under- 
TIME, DAYS went continual accelerated attack. Operation the 

well was discontinued during this period. 
ction rate curve from steel coupons exposed well fluids The slow rate attack during sulfur production 


during normal production only. scale (sulfur 
removed); periods again shown the very low penetration 


the 
low 
ver, the 

seful 


rawn the coupon. Under the microscope the surface 
was found generally roughened but not pitted. 
0.04 The overall corrosion behavior reflected the 
coupon study was observed operating well 
days another exposure over period 240 days. Figure 
shows the weight losses the coupons taken from 
weight the coupon holder during this time. Several boost 
and blow periods occurred during the first days 
noval test and high rates attack are evident. long 
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Figure 5—Long term reaction rate curve from coupons exposed well 

fluids. Several boosts and blows occurred and there was 165-day 

period normal production with water contact. 

C-blow; D-experimental wash, E-air line perfo- 

rated and replaced, total IPY (calculated from zero 
water slugs, IPY—0.183. 


Figure 6—Section galvanized air line from well showing perforation 
(top). Note essentially unaffected area (bottom). 


Figure 7—Corrosion galvanized air line collar and adjacent tub- 
ing which touched interior sulfur producing tubing. 


Figure 8—Localized attack interior galvanized air line where con- 
tact was made with next concentric tube. Note slight effect elsewhere. 


rate. From the last blow the time the air line per- 
forated the slope the curve gave IPY value 
0.0004. Using the total weight loss from zero time 
the time air line perforation, the IPY value 
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fof bo 


exposure well. Scale The single hatching 

cates the steel pipe wall; the cross hatching, the zinc coat; and the 

other areas, the non-metallic layers after exposure. the left shown 

the interior wall and the right, the exterior wall. indicates points 
from which all zinc was removed. 


was 0.164. The original wall thickness the air 


line was 0.187 inches. Considering the fact that 


point air line failure was higher 


and that metal loss was probably not uniform, 


coupon exposure appeared give accurate ac- 
count the overall reaction rate. 

The air line was removed from the well and por- 
tions were brought the laboratory for 
ination and correlation with the rate curves and 
coupon examination. 


Air Line from Sulfur Well 


Inspection the air line did not reflect the attack 
rate indicated the coupons over the entire surface. 
Instead only few areas were badly corroded and 
was some these which had perforated. photo- 


graph section one the penetration points 
shown Figure can seen that the side 


opposite the penetrated area the section 
showed only slight surface attack. Figures 
give other views the corroded areas the pipe. 


react 
unpre 


the 


The penetration points this well and inspection 


the air line from other wells indicated that the 


corrosion was more severe when direct was 
made with the internal surface the next larger 
tubing. This was particularly true the 
which tended corrode where they contacted the 
next outer concentric tube. Figure shows 
with adjacent pipe corroded this manner. 


Effect Galvanizing 


The air line was made 114-inch 
heavy duty steel. was apparent that not all the 
galvanizing had been removed during well 
that portion the pipe surface which 
little attack. Cross sections segments the 
line were prepared imbedding them plastic 
then polishing the usual metallurgical 
Sketches cross sections pipe before and 
exposure well conditions seen with 
are shown Figure the areas where 
parent penetration had taken place there was 
corrosion products overlaying thin layer the 
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priginal zinc coating. From the decrease thickness 
the original galvanizing and the appearance the 
surface, was apparent that the scale was 
product the reaction between the corrosive 
and the galvanizing. 

Microanalysis the scale showed contain 
significant quantities along with ZnS. 
analysis showed that the original 
coat contained unexpectedly large amounts 
both and Mg. was clear that the galvanizing 
affording definite protection and that the and 
might have had some beneficial effect. 


Laboratory Investigations 

Potential 

was not evident why the zinc did not 
with the medium rapidly and leave the iron 
potential measurements were made 
portions the same air line. The whole surface 
the half pipe except the outside face was 
covered with stop-off lacquer shown the sketchs 
Figure 10. The potential such 
saturated solution and NaCl solution was 
measured against saturated calomel electrode using 
high resistance voltmeter. Since finite current 
the voltage changed some because polariza- 
tion. The results given Table are values which 
were obtained short time after the circuit was 
closed and which remained constant for about five 
minutes. all cases the metal was the anode the 


TABLE Voltage 


EMF Sat. EMF NaCl 
Mild steel, 


unexposed well fluids 0.58 0.50 
Pipe before exposure well 1.02 0.89 
0.22 0.20 


Pipe after exposure well 


The markedly lower values for the pipe after 
two possible ways: the formation insulating 
layer which increased the circuit resistance but still 
permitted corrosion take place reversal 
potential zinc versus steel, resulting accelera- 
tion attack when the galvanizing was penetrated. 


Laboratory Coupon Exposure Method 


field coupon data showed that the most corro- 
sive periods were those when water contacted the 
which had previously been contacted with 


sulfur. laboratory evaluation method was devised 


simulate these conditions. Standard coupons were 
for hour molten sulfur bath through 
which air was bubbled. The coupons, covered 
sulfur, were then removed and placed 
bomb made heavy dtty pipe plug (either 114- 
inch 2-inch O.D.) and cap. The inside the plug 
fitted with glass liner that the contacting 
liquid was not contaminated pipe metal. The 
under study was placed the liquid con- 
tained the glass liner, the bomb was sealed, and 
the assembly was then heated oil bath 
temperature, usually 120° 130° 


SULFUR PRODUCTION 


Figure 10—Sketch pipe section used for potential measurements; 

A-side view; view. The single hatching indicates where stop-off 

lacquer covered surface (including the whole back); the clear area was 
the surface used for potential measurement. 


The influence the time exposure the bomb 
was studied exposing coupons for various periods. 
heat transfer lag between the oil bath 
and the reactor, the temperature did not become 
constant for some time. Therefore, both weight loss 
and temperature liquid the bomb were deter- 
mined function time. Typical results are 
shown Figure 11. may seen that for the 
bath operated 130° the liquid the bomb 
reached maximum temperature only after minutes. 
The maximum weight loss was reached about 
hour and stayed nearly constant thereafter. The 
standard bomb exposure time was then arbitrarly 


set two hours. 


Results Laboratory Coupon Exposures 


Laboratory information the effect simul- 
taneous contact H,O, and air the corrosion 
rate steel has been reported detail 

number alloys containing Mg, Al, and 
mixtures and respectively were prepared. 
was found that even small additions 
the zinc made galvanizing difficult and the amount 
increased over 1%, was impossible make suit- 
able coating. order evaluate higher Mg-Zn 
alloys alone several strips such materials were 
cast. Table shows the penetration values obtained 
for mild steel, galvanized steel, and several the 
alloys described above tap water and NaCl. 


TABLE 
Corrosion Rates Galvanized and Alloy Galvanized Coatings, 

130° 

NaCl 
Galvanizing (Zn) ........ 0.069 0.157 
Zn—10% 0.37 0.972 
Zn—2% Al—2% 0.006 0.026 
Zn—2% Al—5% 0.000 
Zn—0.69% 0.022 0.089 
Zn—1.27% 0.096 0.195 


* Cast alloys alone, not as a coating. 
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Figure rate curve from steel coupons exposed sulfur, 
water, and air laboratory apparatus. loss curve and 
temperature curve. 


These values leave little doubt that galvanizing 
decreases the rate attack least obtained 
this method. also indicates that the alloy coatings 
show greater resistance. The choice alloy seems 
make some difference especially resistance 
NaCl attack. The addition particularly seems 
value for NaCl solutions. 


Field Evaluation Galvanized 
and Alloy Galvanized Coupons 


series galvanized coupons and steel coupons 
were inserted coupon container the line from 
well which was operating erratically. exposure 
nineteen days was obtained during which time 
the well blew and was boosted eight times. this 
exposure five sets coupons were removed four 
day intervals, the last set being removed time 
shutdown. Taking the average slope the weight 
loss curves the descaled samples, the IPY values 
were calculated with the results shown Table 


TABLE 
Field Evaluation Galvanized Coupons 

IPY 

Examination the coupons showed that the 
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major attack took place the edges which the 
liquid stream strikes. The IPY values 
the coated samples are due largely the losses 
the edges and are therefore not uniform 
values. The galvanized coupons appeared 
subject considerably greater edge attack 
the alloy galvanized coupons. 


Discussion 


The results these investigations 
that the most corrosive periods sulfur 
are those during the water contact times after 
liquid sulfur flow. Zinc resists the corrosive attack 
better than steel, however not sufficiently 
sistant stop penetration. Galvanized pipe arrests 
the corrosion until the galvanizing penetrated 
apparently does not provide cathodic protection, 


scale from the reaction the coating and the 


rodents, the usual zinc iron potential not 


lished and the iron then not protected fully 
sacrifice zinc. 

The presence small amounts and Alin 
the galvanizing increased the corrosion resistance, 


particularly NaCl solutions. Considerable difficulty 


was encountered preparing satisfactorily coated 
specimens zinc alloys containing and 
evident that this difficulty would have overcome 
for practical application. 

the trends shown this research are correct, 


zinc coatings should useful protecting against 


sulfide corrosion general. Considerably more 
corrosion resistence and ease fabrication. 

The method testing sulfur corrosion exposing 


bomb gave results comparable behavior 
pipe: 


enced the field. Thus there provided for future 
study simple means evaluating variables effect- 
ing the corrosion rate. Variation time, temperature, 


medium, and metal can studied this system 
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Abstract 


INAGE applied underground method described for determining the inter- 
attack structure creates earth currents, part whic long structure due forced drainage similar 


diverted nearby underground metallic parallel structure. The method applied four-inch 
arrests and the current thus picked may cause welded bare steel pipes and variations are introduced 
SS 


rated but the adjacent structures where leaves the presence coatings the pipes and 


rotection, reenter the earth. Such interception drainage changes soil resistivity, longitudinal conduc- 
has been called “interference” and the current tivity the structures, diameter the structures, 
the cor. the adjacent structures “interference current.” Be- the anode and separation the struc- 
cause its accepted usage, this terminology will Important conclusions drawn from this study are: 
fully used this discussion. There location the anode which inter- 
The magnitude the interference current may ference effects are completely nullified. Practical 
kept practical minimum discreet selection range anode location points. 
the anode location. The corrosive effect any remain- For anode location within practicable distance 
mitigated draining off with properly located the drainage point rather than one bond the 
bonds suitable resistance between the structures. drainage point. 


This discussion covers the effects which may theoret- Protective coatings, even those with conductance 
ically expected between two parallel structures and high one mho per kilometer, have very marked 

correct, portance various ors involved. Variations dimensions structures, separations, 

Equations for computing the interference cur- soil resistivity, etc., have relatively little effect 

nore re- were adapted for this purpose and these are 


proper applied two parallel 4-inch welded steel pipes, one 
which drained. Pipes are used preference 


cables because they lend themselves more readily Basic condition 4-inch bare welded steel pipes 


buried depth one meter soil 100-meter- 


ion ina computation earth leakage resistance but the ohm resistivity, with the pipes meters apart and 
ature. characteristics. This ass oatings both structures with 
assumption oids mathemati leakage resistance 1000 ohm-meters. Otherwise 
system. complications and has little effect the general conditions are the same Case Leaky coat- 
conclusions. The equations are applied illustrate ings are assumed because coatings high insula- 
tion would practically eliminate any interaction be- 
ollowing effects: tween the structures. 
1a 1e¢ 


change longitudinal conductivity the struc- Longitudinal Resistance structures .02875 ohm/ 
tures, km, half that Case Other conditions the same 
change diameter the structures, Case 


paration the structures. tudinal resistance and other conditions are the 
same Case 


The effects these changes are computed for the Distance the Anode 200 meters, instead 100 


maximum interference current, meters Case 


maximum rate current loss and 
length the corrosionsexposure. Method Analysis 


illustrate these effects seven conditions are Because there are metallic connections the 
assumed, follows: interfered structure its current must picked 
from and returned the earth. This current must 
North East Region and therefore result from alteration the earth potential 
City, May along the structure. analyzing the situation, con- 

ory, Bell Telephone Laboratories, Murray must given two sources such 
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earth potential: The drained structure and its anode. 
this discussion they will considered separately 
the “Structure and the “Anode Effect.” 
The “Net will obtained combining 
these. order investigate the structure effect 
will assumed that the anode extremely remote 
that its effect either structure negligible. 
investigate the anode effect will assumed that 
current transferred from such remote earth elec- 
trode another electrode the assumed anode lo- 
cation. Because the cases under consideration the 
separation the structures small compared with 
the distance the anode, there will essentially 
difference the anode effect each the two 
structures. 
Attenuation Constant 
And Other Structure Characteristics 

The anode effect well the structure effect de- 
pends the attenuation constants the 
This turn depends upon the longitudinal resistance 
and leakage resistance the structure indicated 
the following equation: 


where the attenuation constant per meter, 
the longitudinal resistance the structure per meter 
and the leakage resistance the structure for 
meter length. The latter includes the resistance 
the soil path and the resistance any coating. Thus 


Ri = Re + Re (2 


which the resistance the coating and 
the resistance the earth path. can computed 
from the equation 


Re £ log 1.12 


where log 2.303 the soil resis- 
tivity meter-ohms and the equivalent electri- 


cal radius the structure, meters. For single 
structure 


2ad 
which the outside radius the structure 
meters and the depth the center the struc- 
ture below the surface, meters. For two close 
similar parallel structures the equivalent electrical 


radius obtained from the equation 


(5 


aiyi 
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TABLE Pipes Discussed Text 


ENGINEERS 


which the separation the 
meters. 
combining the above equations, the following 


equation developed, means which the 


tenuation constant can computed. For one 
ture (a,), 


For two structures (a,) 


( + 7 
The values per meter and other 
are summarized for the seven cases Table 


For uncoated pipes, and the above equ. 
tions become for one structure 


and for two structures 


log 


Nb 


From these equations can shown that bare 
structures increase soil resistivity has the same 
crease longitudinal resistance the structures, 
thus making the attenuation constants for Cases 
and identical. 


Anode Effect 

The conditions considered the anode effect are 
inindicated Figure When the separation the 
structures (y,) small compared with the distance 
the anode (y) the assumed case under dis- 
cussion, the currents each the two similar 
tures any point, are essentially equal. Since the 
anode affects both structures the characteristics 
the structures jointly must used the 
tions. For the current either structure due 
anode current I(A) the following equation* for 
uniformly conducting earth applies 


which the current the interfered 


structure due anode effect, distance from 
the drainage point, similar current the 


* This is a particular case of equation (6.16) in reference 2, obtained 
by using in place of y (xx, ay) an approximation of the latter 
function applying to small values of ay. 


CASE and DESCRIPTION Bare Resist. Resist. Radius Distance 
Equiv. Elect. Radius 1 Pipe, meter 338 3238 338 | 338 477 338 __ 
Equiv. Elect. Radius Pipes. meters 1.838 1.838 2.185 
Long. Res. microhm per meter 57.5 28.75 57.5 
Attenuation Const. 1 Pipe per kilometer (a1). ................- 451 21 311 311 | -460 451 “aR 
| —— 
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current and the distance from 
the structure the anode me- 
The equation applies 
than .1. 
For uncoated pipes the 
characteristics the pipes are rep- 
which are identical for cases 
and and similar ob- 

tained for these cases. other 

words the change anode effect 


the same the change 


The anode may affect the earth 


potential points quite remote 

the anode location. Since the effect depends 
upon earth resistivity, evident that remote 
can predicted only when the assumed 
soil resistivity holds for considerable 
surface condition may misleading 
the resistivity below this materially different. 
This illustrated Figure which shows the earth 
potential around point electrode for (a) 1,000 


meter-ohm soil, (b) 100 meter-ohm soil, and (c) 1,000 


meter-ohm soil with top layer 100 meter-ohm 
soil meters deep.* will observed that the 


potentials (c) more nearly resemble the conditions 


for the deeper 1000 meter-ohm soil than they those 


for the 100 meter-ohm surface layer. 


Thus, when the distance the anode large com- 
pared the depth the upper layer, the anode 


controlled largely the deeper resistivity. 


most cases the variations soil resistivity are 
not large the above example and reason- 
able average value can used for both effects. 


Structure Effect 


For determining the current the adjacent struc- 
ture, series curves are derived** giving the inter- 
ference current distances from the drainage point 
terms the ratio mutual leakage resistance 
between the structures the leakage resistance 
each structure. This ratio given the following 
approximate equation 

(11 
log 


yar p 


Curves for the interference current for various values 

Here for uncoated pipes the structure 

characteristics are reflected the value and 

that Cases and are again identical for 

the structure effect well the anode effect. 

* Reference 


equation (2.27). 
** Reference 2, 
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ONE PIPE TWO PIPES 
EQUIV. ELECTRICAL RADIUS 


LONG. RES. PIPE 


1.12 
ATTENUATION CONSTANT, PIPES, 


CURRENT EITHER STRUCTURE, 


pipes. Figure 1—Forced drainage interference—anode effect. Current two similar parallel structures 


caused nearby anode. 


Discussion Anode Effect 


The anode effect, obtained from equation (10) 
was computed for the seven cases mentioned. 
interest note Figure which shows the results 
computations for Case and compares the current 
two structures with the current which would have 
been found one structure the other were absent. 
The current the structures point opposite the 
anode zero and, moving along the structure, cur- 
rent away from the anode created the structures, 
making them cathodic, point about 1,000 
meters away where the maximum current the 
structures attained. Beyond this point the struc- 
tures lose current and are anodic. 

Figure shows the results calculations for the 
seven cases. The curves for Cases and came 
close together that they were plotted single 
curve. From these curves can concluded that 
for the structures involved, doubling the pipe diame- 
ters without changing their longitudinal resistance 
doubling the separation the structures, in- 
creases the anode effect current only slightly and 
doubling the soil resistivity pipe conductance in- 
creases the maximum current about 10%. When the 
anode twice far away the maximum current 
reduced about 25%. leaky coating reduces the 
maximum anode effect current about 60°. The coat- 


TABLE 
Values 


22x f(a2x) a2Xx f (a2x) 
2.( —.351 


1000 METER OHM SOIL METER OHM 
TOP LAYER METERS DEEP 


VOLTS PER AMPERE 


100 200 300 400 500 600 700 800 900 
DISTANCE FROM ELECTRODE 


Figure 2—Effect two-layer soil earth potential around point 


electrode. 
.24 


INTERFERENCE CURRENT PER AMPERE DRAINED 


Figure 3—Forced drainage interference—structure effect. Current 


underground structure caused drainage similar parallel 
structure. 
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ing effect would less pronounced soil highe 


resistivity. 


Discussion Structure Effect 


The results structure effect computations 
six cases are shown Figure Case (anode 


meters away instead 100) the same 
since these computations all assume very 


anode location. 


The structure effect produces current the 


terfered structure point opposite the 
point the drained structure. However, other 


the interfered structure have current toward 


drainage point (instead from the drainage point 


caused the anode effect). Thus there 
lost from the adjacent structure the vicinity 
the drainage point. Since the structure ‘pro 
duces current the opposite direction from 
caused the anode effect, the values 


are plotted negative. For Case the value 


rent the adjacent structure increases for 


about 1700 meters and then decreases beyond that 
making the structure cathodic the more remot 
locations. 


For the assumed conditions, doubling the 
the pipes increases the maximum structure 
current about and doubling the soil resistivity 
the pipe conductance produces slight increase 
maximum current and moves the point 
current farther away. Doubling the separation 


structure reduces the maximum current about 


and uniform leaky coating reduces the maximum 


structure effect current about 70%. 


Net Effect Drainage 


Figure shows the anode effect current and the 
structure effect current for bare pipes (Case These 
effects tend neutralize each other but the maxim 


not come the same place and therefore they 
cannot completely neutralized. Combining thes 


curves graphically produces the net curve 
which shows the net interference current for this 
case. This curve (Figure shows that, progressing 


along the adjacent structure from point 
the drainage point there increasing 


away from the drainage point (current pickup) 


maximum about .025 ampere per ampere 
about 350 meters. Progressing farther there 


creasing current (representing current loss) and 
about 1150 meters the current Beyond that 


point there increasing current toward the 


age point (also indicating current loss) 
mum value about .015 ampere per ampere 
reached about 3350 meters. Thus there 
loss about milliamperes per ampere 
over length about 3000 meters. However, much 
having practical effect the life the 
Assuming for purposes illustration that loss 
current rate below milliamperes per 
meters per ampere drained insignificant, the length 
the exposure created the interference 
1600 meters. greater importance, however, the 
maximum rate current loss, obtained measuring 


Vol 


AMPERE PER ANODE AMPERE 


CURRENT AMPERE PER AMPERE DRAINED 


1000 METER OHM SOIL 
METER OHM SOIL 
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SIMILAR PARALLEL STRUCTURES STRUCTURE 
: 0 ONE WERE PRESENT IOOMETERS DATA FOR 4 BARE 
tations 
(anode 
as Case | 
the 
the 
Point Figure 4—Forced drainage interference 
Current —anode effect. Current two parallel 
| 
Figure BARE PIPES METER DEEP OHM SOIL, 
METERS SEPARATION, ANODE METERS AWAY. 
distance EXCEPT DOUBLE PIPE CONDUCTANCE. 
ure 
aul). 
Figure 5—Forced drainage interference 
effect. Current each two 
and th Le) 
1). These 
0 
curve 
current 4-SAME EXCEPT PIPE WITH SAME CONDUCTANCE. 
4 = 
that 
drained Figure 6—Forced drainage interference 
DISTANCE FROM DRAINAGE POINT-METERS 
much 
the maximum negative the net effect curve. ampere drained and length significant corrosion 
this case about milliamperes per 1000 and the results are given Table III. 
loss meters per ampere drained, obtained about the exception the coating, the variations rep- 
100) irom the drainage point. resented these cases have surprisingly little 
shows the net effect curves for the seven the corrosion exposure created the interference 
about These are analyzed determine total cur- currents. particularly interesting note from 
the ent lost per ampere total length cor- Figure and Table III that while doubling the dis- 
asuring exposure maximum rate current lost per tance the anode materially reduced the maximum 
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DATA FOR CASE 


SLOPE 34MA PER METERS 


PER AMPERE POSITIVE CURRENT AWAY FROM POINT 


3000 4000 5000 
DISTANCE FROM DRAINAGE 
Figure 7—forced drainage interference—combination anode and structure effects obtain net effect. 


BARE PIPES METER DEEP METER-OHM SOIL, METERS 
SEPARATION, ANODE METERS AWAY. 


2-SAME EXCEPT PIPES HAVE LEAKY COATING (1000 OHM- METERS). 
3A-SAME EXCEPT 200 OHM SOIL. 


3B-SAME EXCEPT DOUBLE PIPE CONDUCTANCE. 
4-SAME EXCEPT PIPE WITH SAME CONDUCTANCE. 


PER AMPERE DRAINED 


IMUM RATE OF CURRENT LOSS-MA PER KM 


W 

025 
1000 2000 3000 4000 5000 6000 


DISTANCE FROM DRAINAGE POINT-METERS 


Figure 8—Forced drainage interference—net effect. Comparison cases. 
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- 
- 


SCALE 


250 ANODE 250 METERS AWAY AWAY 


DATA FOR PARALLEL 
BARE 
STEEL PIPES IM. 
DEEP APART 


“MILLIAMPERE PER AMPERE DRAINED —- POSITIVE CURRENT AWAY FROM DRAINAGE POINT 


FROM DRAINAGE POINT-METERS 


Figure 9—Forced drainage interference. Effect various positions 
anode interference current and potential. 


EFFECT OF ANODE POSITION 
ON MAXIMUM RATE OF CURRENT LOSS FROM 
INTERFERED STRUCTURE 


PER AMPERE DRAINED 


DATA COMPUTED FOR 4” BARE WELDED 
STEEL PIPES | METER DEEP IN 100 
METER OHM SOIL,PIPES SEPARATED 


MAXIMUM RATE OF CURRENT LOSS-MA PER KM 


DISTANCE 


Figure 10—Forced drainage interference. 


TABLE 
Corrosion Exposures Created Drainage Interference 


Max. | 

Rate | Length 

Total Length | Current | of Sig- 
Current of | Loss (1) | nificant 
Loss (1) Exposure ma per _Exposure 


| 


B Case 1 Bare P ipes.... | 3000 1600 
(ase 2 Coated | None 


q Case 5 Double y... 2150 1100 
Case Double yi... 3350 1325 


(1) Per ampere drained. 


current away from the drainage point, also in- 
creased the maximum current toward the drainage 


point and the maximum rate loss current was 
reduced 25%. 


The effect moving the anode away was investi- 
gated further effort locate the point mini- 
mum interference. Such point has been referred 
the “conjugate location.” This led some diffi- 
culty definition and first effort was made deter- 
mine the anode location causing change struc- 
ture-to-earth potential the interfered structure 
point opposite the drainage point. Figure shows 
results computations for Case with the anode 
200, 250 and 300 meters away. The structure-to-earth 
potentials are relative only, since values would de- 
pend variables such location the ground 
potential electrode with respect the structure, etc. 
The plotted values are proportional the rate 
current loss pickup indicated the slope 
the current curve. With the anode about 250 meters 
away the current curve zero point had zero slope 
indicating current transfer and therefore zero 
potential. However, the current curve shows that 
there still rate current loss equal milli- 
amperes per kilometer per ampere drained point 
about 700 meters from the drainage point. This rate 
almost large that computed for the 200 
meter anode. 


Since the zero potential change did not prove 
real criterion corrosion exposure, additional 
calculations were made for Case for nearer and 
farther anodes and the maximum rate current loss 
was determined. The results are shown Figure 
maximum rate current loss (in milliamperes per 
kilometer per ampere drained) plotted against dis- 
tance the anode. This shows that under the condi- 
tions Case anode too remote can worse 
than close anode from the standpoint maximum 
current loss. For minimum exposure practically any 
place from 150 375 meters would do. 

Figure illustrates another interesting feature. 
Where interference effects are neutralized, re- 
sistance bonds are frequently placed between the 
structures the drainage point. This usually good 
practice where the anode very remote. Where the 
anode less remote, better neutralization the 
interference effects might obtained the use 
two resistance bonds between the structures short 
distance each side the drainage point where the 
maximum positive structure-to-earth potential cre- 
ated the adjacent structure. The closer the anode 
the structures the more desirable the double 
bond feature appears be. The most economical 
will frequently indicate anode loca- 
tion resulting minimum interference but where soil 
conditions other considerations complicate the 
placing the anode such position another loca- 
tion either more remote closer can used with 
proper bonds between the structure. 
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new book about OIL 


Here book filled with useful data 
about oil seals that you’re sure want 
for your files. gives the complete story 
the Johns-Manville Clipper 
tells how this precision oil seal with the 
one-piece moulded body providing 
better bearing protection lower cost 
many types applications. 


Here you will find photographs and 
diagrams typical Clipper Seal installa- 


JOHNS MANVILLE 


PRODUCTS 


CLIPPER SEALS 


ASSOCIATION 


tions; information the various lip de- 


signs that provide choice 


surfaces; the wide range sizes that are 
available; the thick thin flanges de- 
signed for the precision sealing many 
bearing housings. 

Here are Clipper Seals that help cut 
maintenance costs and down time... 
seals that are designed specially for quick, 
easy application where space limited 
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for resistance corrosive 
for high temperature operation and other 


special conditions. 


Whether you are concerned with the 
design maintenance equipment, this 
new Clipper Seal book can help you get 
better bearing protection lower 


Send for your copy today. 


JUST FILL THE COUPON BELOW 


Johns-Manville 
Box 290, New York 16, 


Please send the new Clipper Seal Book (PK-46A). 


Company. 


City. 


Position 


Equi 
Asso 
meth 
field 


tion 
well: 


men 


mad 


5 


q 
cent 


ALS 


and other 


with the 
pment, this 
you get 
ower Cost. 


BELOW 


Cort 


Selection Methods for Field Testing 


STUDIES carried out 
the Corrosion Oil and Gas Well 
Committee the National 
Association Corrosion Engineers 


problem condensate-well corro- 


selecting test methods for 
testing metals for corrosive serv- 
Three test methods outlined 
were used determine the 
metals and alloys for 
field application corrosive condensate- 


Included were the visual inspec- 


ments. 


128 coupons each seven 
wells tested, weight loss determinations 
coupon and pit depth measure- 
Blank weight loss measurements were 
made representative coupon each 


metal determine metal weight lost 
cleaning the coupons. 


Depths pits were measured and the 


the deepest pit was recorded. 


qualitative estimate the extent 
was presented the terms: 
than one pit per square 
centimeter; ten pits 
square centimeter; 
than ten pits per square centimeter. 
pitting occurrence essen- 
corrosion testing materials for 
pipe, tubing, tanks, fittings and 
reaction vessels where one perforation 
May result costly and dangerous fail- 
ures, 

The probability deriving inaccurate 
data that might result 
effects and varying corrosive conditions 
was reduced placing four coupons 
metal tested repeating For 
example, carbon steel coupon placed 
position would also tested 


Metals for Corrosive Services 


position 33, 65, and the 128-speci- 
ment test rod. Positions were reversed 
several the other test spools 
other wells decrease the possibly mis- 
leading effect varying corrosive con- 
ditions these change progressively 
through the flow container. addition, 
the possibility galvanic attack was 
reduced also coating the test rod and 
installation insulating spacers between 
specimens along the rod. This electrical 
insulation was checked continuity 
readings between specimens the con- 
clusion the test period. 

Corrosion tests such these are not 
only useful determining the corrosion 
resistance materials subjected 
specific application, but also are valuable 
the development new alloys for 
corrosive services. Reproducibility re- 
sults tests conducted widely sepa- 
rated field areas demands care the 
preparation and testing corrosion 
coupons. 


Reference 
1.Carl W. Borgmann, “General Discussion of 
Laboratory Corrosion Testing,”’ p. 953, Corro- 
sion Handbook, H,. H. Uhlig, Editor, John 


Wiley and Sons, New York, New York. (1948). 
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New Western New York State Section Formed 


TIONAL 
NGIN EERS 


This booth the Houston, Texas, annual Industrial Exposition May 10-14 was prepared Central 
Office NACE engineers Thorney and Judah. Present the booth during the 4-day show 
were members Houston Section NACE and Central Office staff members. 


Payton Will Head 
Chicago Section 


Approximately 100 were present 
the final meeting 1949-50 and election 
officers held the Chicago Section 
April 18. Members and 
pated open forum discussion 
coating field answered both prepared 
and extemporaneous questions from the 
floor. 

The Tapecoat Company was host for 
the social hour the meeting with 
Bohne, John Bolling, Art Shelves and 
Jack Clancy sharing the duties. 

New officers the section 
elected follows: 

Victor Payton, Commonwealth Edi- 
son Co., West Adams St., Chicago, 
chairman; Franklin Watkins, 
Sinclair Refining Co., 400 East Sibley 
Blvd., Harvey, vice-chairman; 
Van Natta, Plastic Lining Corp., 914 
South Wabash Ave., Chicago, secre- 
tary; Laurie Nichols, Public Service 
Co. Northern Illinois, 1001 South 
Taylor Ave., Oak Park, treasurer. 


were 


NACE Booth Gets 


Favorable Notice 


number persons actively inter- 
ested and working with corrosion were 
made aware for the first time the 
activities NACE during the Houston 
Industrial Exposition, May 10-14, where 
the association had booth, gratuitously 
provided managers the exposition. 
The booth was arranged 
Thorney and Judah Central 
Office and was manned members 
the Houston Section and Central Office 
staff. 

The booth consisted simple dem- 
onstration cathodic protection 
which three steel strips suspended 
salt solution were respectively unpro- 
tected, protected current from bat- 
tery and protected magnesium 
anode. The unprotected steel rusted 
badly, while the others were substan- 
tially unaffected. Considerable interest 
this demonstration was evidenced 
visitors and the display showing 
badly corroded condenser tube and bolt. 
box was provided for written ques- 
tions. 

Association publications were dis- 
and copies and other 


new section for North East Region 
now being organized the Western 
New York area following approval May 
the region trustees’ meeting 
New York City petition for the new 
subdivision the association. Tem- 
porary Chairman Cox, The In- 
ternational Nickel Co., Inc., Rochester, 
New York. Site the section has not 
been determined, nor have any other 
details organization advanced, 
ciently for comment now, English, 
region secretary advised. 

Acceptance the petition was ata 
region trustees’ meeting preceding the 
joint meeting the region with Metro- 
politan New York Section. 
ium electrolysis problems the New 
York area was enjoyed 128 members 
and guests the Building Trades Em- 
ployers Association, Park Ave., New 
York. 

Pope Bell Telephone Laboratories, 
published this (June) issue 
ice Co. New Jersey speaking 
“Corrosion Underground Lead Sheath 
covered reduction cost 
lead sheaths using lead 
covering under polyethylene 
inforced Neoprene insulating membrane 
and advantages from the ues cathodic 
protection with galvanic anodes and 
rectifiers. 

demonstration board was used 
Thompson, New York Telephone 
Company consisting simulated 
traction system with parallel cable and 
pipe lines. Effect electrolysis these 
lines was shown, together with ways 
overcome eliminate bad effects. 

“Electrolysis Control Measures the 
Edison Underground Gas and Electric 
Systems” was the topic Koester 
son Co. Mr. Koester described 
equipment and procedures making 
electrolysis survey complete area. 
Mr. Kulman described requirements 
pipe coatings and cathodic protection 
systems and advantages gained 
from them. 

Problems the “Installation 
Natural Gas Main Greater New 
tions, traffic, river crossings, etc., 


Union Gas Co., New York. 


visitors. 

Houston Section members wlio staffed 
the booth were Spafford, 
lind Oil and Gas Co.; 
Gulf Oil Corp.; Sharpe, Humble 
Pipe Line Co.; Jack Battle, Humble 
Oil and Refining Co.; Lyle 
Shell Pipe Line Corp., all Houston. 
Campbell, association executive 
secretary, also the booth. 
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NACE NEWS 


Central Region Meeting October 9-10 
Stress Practical Corrosion Applications 


Application and practical aspects 
control measures will the 
the South Central Region’s 
meeting October 9-10 the Rice 
Hotel, Tentative an- 
nounced Scherer, Texas Pipe 
Co., Houston, general chairman 
meeting, call for joint sessions 
production, refining and prob- 
Concurrent sessions will held 
the full program may participated 
men. 

Line Houston, will deliver the 
address the luncheon Mon- 
October 
Anderson, vice president Shell 
Line Corp., Houston, will give the 


keynote address Tuesday morning. 


Programs will prepared and dis- 
before the conference. 

Present plans not call for ex- 
conjunction with the meeting. 


TENTATIVE PROGRAM 


South Central Regional Meeting 
October 9-10, 1950 
Rice Hotel, Houston, Texas 


Chairman—L. Scherer, Texas 
Pipe Line Co., Houston, Texas. 

Waldrip, 

Gulf Oil Corp., Houston, Texas. 

Erganian, Pipe Line Service Corp., 

Houston, Texas; Charles Scam- 
mon, Houston Oil Field Material Co., 
Houston, Texas. 


Sunday, October 


Reserved for committee meetings and 
sregistration. 


Monday, October 9—Two Sessions 

Pipe Line Section—Morning and af- 
papers pipe line corrosion problems. 
will outline conditions, methods 
and results obtained. The 
portion the afternoon will 
answers, 

Production and General Section— 
Morning and afternoon. consist 
reports field and laboratory 
bimetallic corrosion. The 
papers general corrosion 
answers. 

Monday Noon 

and general business meet- 
will held the Rice Hotel. 
Line Co., Houston, Texas. 


Monday Evening 
Cocktail hour and banquet. 


Tuesday, October 


president, Pipe Line Corp.. 
This will followed 
various phases corrosion— 


results obtained from actual 


Keynote 


Tuesday, October 

Conducted tours through coating 
yards Houston area. Inspections will 
made various types and methods 
applying protective coatings. 
becue dinner one the coating yards 
scheduled tentatively for the evening. 


invitation has been extended 
officials the South Central Region 
annual meeting standing and techni- 
cal committees NACE meet Oc- 
Houston October 9-10. Similar meetings 


were held 1949 during the regional 
gathering Dallas. 

Committee chairmen have been asked 
notify the general chairman, 
Scherer, probable attendance and 
time preference meeting rooms can 
secured. opportunity for commit- 
tees advance their work before at- 
tending two days sessions practi- 
cal aspects corrosion control was 
emphasized. 

Committee meetings scheduled ten- 
tatively scheduled include: 

TP-18—Internal Corrosion Storage 
and Transportation Petroleum. First 
regular meeting this group, which 
was organized during the national meet- 
ing St. Louis April, will October 


(Continued Next Page) 


WRITE YOUR LETTERHEAD 
FOR SPECIAL LITERATURE 


CORROSION—-NATIONAL ASSOCIATION 


CORROSION 


Rates for notices under this heading can obtained from 


National Association Corrosion Engineers, 919 Milam Building, Houston Texas 


CATHODIC PROTECTION 


Surveys Engineering 
Installation Maintenance 


Electro Rust-Proofing Corp. 
(N. J.) 
BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


STARR THAYER 


Consulting Engineer 


Corrosion mitigation on existing struc- 
tures; protection designed for new 
structures, 


614 S. Standard Bldg. Houston, Texas 


South Florida Test Service 


INSPECTION TESTING RESEARCH 
ENGINEERS 


(Established 1931) 


Corrosion, weathering and sunlight tests. 
Four locations in Southern Florida for inland, 
salt atmospheric, tidewater and total immer- 
sion exposure tests. 


7th St. MIAMI, FLORIDA 


RESEARCH PRODUCTS FOR SOLVING 
PROTECTIVE COATING PROBLEMS 
Product Application 
Development Engineering 
SPECIALTY COATINGS LABORATORY 


1721 North Water Street 
MILWAUKEE WISCONSIN 


Complete 


CATHODIC PROTECTION 


Systems . . . supplies . . . service 
for special applications; water tanks 
and pipe lines. 


HARCO CORPORATION 
2154 East 4th St. Cleveland 15, Ohio 


INSTALLATION 


Federated Magnesium Anodes — Cadwell 
Supplies 
F. H. Maloney Insulating Materials 
Complete line of Cathodic Protection 


Equipment 
Pipeline Maintenance 
Corporation 


811 So. Boulder Phone 3-0846 
TULSA, OKLAHOMA 


FOX 


Corrosion Engineering Service 


Cathodic Protection - Non-Destructive Testing 
Special investigations 
Miscellaneous Supplies 


3405 Piedmont Ave. 
Oakland 11, Calif. 


STATIONARY COATING WRAPPING 
COMPLETE PIPE RECONDITIONING 
Plants — Corpus Christi — Refugio, Texas 

Jackson, Miss. 


ROSSON-RICHARDS CO. 
Box 3-5121 2-9021 


Portable Units Available for Rail-Head 
Coating Anywhere 


SERVING ALL PIPELINES 


PIPELINE ASBESTOS FELT 
Made by The Ruberoid Co. 


COAL TAR ENAMEL COATINGS 
Made by Pittsburgh Coke & Chem. Co. 
Day 


DAY COMPANY 
2017 Gray Houston 19, Tex. 
Phone KE-0407 


e 
Cathodic Protection Service 
Engineering — Installation — Surveys 
Material — Supplies 
Everything in the Cathodic Protection 


Field from an Insulating Washer to a 
Turnkey Contract Installation 


HOUSTON 
4601 Stanford 


310 Thompson Bidg. 
JA-5171 2-9857 


Cathodic Protective Systems 
Designed and Installed 


Coating and Laying Specifications; 
Corrosion Surveys; Consultation On 
All Types of External Pipe Line Corrosion. 


Huddleston Engineering Co. 
Bartlesville Oklahoma 


PIPE COATING “KNOW-HOW” 
PIPE PROTECTION SERVICE, 


Modern Portable Railhead 
Equipment for Any Size Pipe Job 


Main Plant: 179 FRONT ST., ELIZABETH, 
“The Complete Coating Service’ 


YOU SELL CORROSION SERVICE 
YOUR BELONGS HERE 


CORROSION ENGINEERS 


South 


All operating pipe line companies 
ested internal sour crude 
are invited work with the committee 
and anyone interested the problem 
welcome the meeting. 
TP-3—Anodes for Impressed Currents 
Donald Bond, chairman, said the 
committee will meet the Rice Hotel 
October Announcements time 
room will sent members later, 
TP-1—Corrosion Oil and Gas 
Equipment. Ted Zajac, chairman ap. 
nounced that plans for meeting this 
committee are being Ap. 
nouncement arrangements, made 
will sent members, said. 


Three Technical Papers, 
Dinner, Features 
South East Meeting 


Three technical papers, business 
meeting and dinner were featured dur. 
ing the all-day spring meeting South 
East Region held April the Henry 
Grady Hotel, Atlanta, Ga. Regional 
Vice-Chairman Flynn Johnston called 
the meeting order a.m. Eighteen 
members registered for the day 
evening sessions and twelve more 
guests attended some all the 
tures and discussions. 

The technical program included 
paper and motion picture the 
facture and commercial application 
plastics (Tenite) industry Lewis 
Connelly, Tennessee Eastman Company, 
St. Louis, Mo., and paper and 
corrosion control the pulp proc- 
essing industry LaQue, The 
International Nickel Co., Inc., New 
York. The afternoon was devoted 
inspection metal show and welding 
clinic underway the warehouse 
Tull and Company. 

The dinner meeting, attended 
Mears, Steel Corp, 
Pittsburgh, Pa., who presented discus- 
sion illustrated slides the behavior 
numerous metals under wide variety 
conditions. 

Herbert Dent, American Cast Iron 


CATHODIC PROTECTION 


Installation Maintenance Sales 


TURNKEY INSTALLATIONS 


Dowell Magnesium Anodes 
Material Your Specifications 


ANODE ENGINEERING CO. 
Box 3355 TULSA, OKLA. 


CORROSION 
ENGINEER 


Nationally Known 


Wide experience oil refineries 
and application cathodic pro- 
tection desires change. 
ested sales contact work. 
Box 50-3, Care CORROSION, 
919 Milam Bldg., Houston 
Texas. 
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Actual enlarged photo- 
graph Glasfloss Pipe 
Wrap, showing uniform- 
ity and continuity glass 
fibers. 


Continuous glass fibers running full 
width mat. 


Long glass fibers arranged 
pattern that gives maximum porosity. 


from our Tulsa warehouse 


from factory Hicksville, 
Y., 400 foot rolls 
18”, and 800 foot rolls 
widths 9”, 12”, and 


The underground pipe wrap 
oFFice, ROCKEFELLER PLAZA, NEW YORK PHONE CIRCLE 


CORROSION—-NATIONAL ASSOCIATION CORROSION 


LO: 
ESTE 


Synthetic esters 
long chain oxygenated 
hydrocarbons derived from 
partially oxidized petroleum 
fractions the Alox 
process. 


EFFECTIVE CONTROL 
Corrosion in: 


Sheet Steel 

Internal Combustion 
Engines 

Hydraulic Systems 
Turbine Systems 
Fabricated steel parts 
during processing, 
storage shipping 


additive found effec- 
tive producing the metal 
characteristics desired. 


RESEARCH DATA 
AVAILABLE YOU 


directly 
attention 
SALES 


Three 


Pipe Co., Birmingham, Ala., was named 
program chairman for the fall meeting 
the region Vice-Chairman Tait. 
This appointment was made during 
business meeting following Dr. Mear’s 
address. also was decided the next 
regional meeting should scheduled 
the last two weeks October the 
first two weeks November Birm- 
ingham. 

Notice the date will mailed all 
members. 

Tuesday, Wednesday Thursday 
were considered best days the week 
hold the meeting, the others being 
rejected because travel time consid- 
erations. 

The group expressed unanimous re- 
gret over the extended illness Regional 
Chairman Yeldell and wished him 
rapid return good health. 


Corpus Christi Hears 
Talk Platforms 


“Cathodic Protection Offshore 
Drilling Platforms” was the topic 
address Gordon Doremus Ca- 
thodic Protection Service, Houston, 
the April dinner meeting Corpus 
Christi Section held the Princess 
Louise Hotel. 

George Mills and Gus Heinemann dis- 
cussed the proceedings the national 
conference St. Louis. Five from the 
Corpus Christi Section attended the con- 
ference. 

Charles Ward and Mitchell 
Magnolia Petroleum Company presented 
the section with rostrum. 

Next meeting the section sched- 
uled June 22. 


Anti-Corrosive Masonry 
Topic Houston 
Session May 


slide-illustrated lecture anti-cor- 
rosive masonry construction for vesseis 
was the feature the May meeting 
Houston Section, held Weldon’s Cafe- 
teria, Houston. Forty-four attended. The 
speaker, Robert Pierce Pennsyl- 
vania Salt Manufacturing Co., Phila- 
delphia, Pa. developed his address 
around schematic drawing showing 
recommended practice placing acid- 
resisting brick lining cylindrical 
tank. Copies the specification sheet 
given those present. 

short business meeting preceding 
the address involved discussion meet- 
ing nights for fall sessions which 
Chairman Oliver Osborn revealed 
section member canvass indicated most 
favored continuing meetings the sec- 
ond Tuesday the month. Arrange- 
ments were made for boat trip the 
Houston Ship Channel take the place 
the regular June meeting. dinner 
San Jacinto Inn for members and 
their wives also being planned. 


ENGINEERS 


St. Section 


“Corrosion Engineering from 
was the subject the 
meeting the American 
Chemical Engineers, the 
Club, and the Greater St. Louis 
NACE. Approximately NACE 
sonnel were present for dinner and 
for the meeting afterward. There 
about 100 present from all three 
izations. 

Dr. Berry discussed various phases 
corrosion engineering 
activity, traced the activities 
ical basic research groups and added 


that bridging the gap between 


ies the laboratories and 
the field will bring satisfactory 
problems there. 


Philadelphia Section 


“Some Aspects the Design ani 
Fabrication Equipment for Corrosion 
Service,” Frank Davis 
“Causes Corrosion Currents,” 


Mears are scheduled topics for the 


June meeting the Philadelphia 
tion held the Poor 
Club, Philadelphia. 


Officers Reelected 
Zinc Institute 


Officers reelected the April meet- 
ing the American Zinc Institute board 
directors St. Louis were: 
the Combined Metals Reduction 
pany, Salt Lake City, Utah; three 
presidents: Clarence Glass, 
Sales Co., New York; George Mixter, 
Co., Boston, Mass.; Raymond 
Athletic Mining and Smelting Co., 
Smith, Ark. Erle Daveler, Americat 
Zinc, Lead and Smelting Co., New 
City was reelected treasurer and 
Ghent continues executive 
president and secretary. 


NBS Publications 
Solids Data Listed 


New publications announced 
tional Bureau Standards available 
from Superintendent Documents, 
Government Printing Office, 
ington 25, are follows: 

“Thermal Expansion Solids,” 
cular C468, pp, per copy cenls 
Contents: methods for 
obtain expansion equations and 
efficients. Three types 
are discussed. 

“Density Solids and Liquids, 
cular C487, pp, per copy 
densities solids and liquids, with 
trations. 
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E-KRACHY OFFERS COMPLETE 
CATHODIC PROTECTION INSTRUMENTS 


MILLER MULTI-COMBINATION METER 
MODEL B-2 B-3 FOR FIELD ENGINEERS 


Designed fulfill the many requests corrosion 


BRANC 
LINE 


engineers for small (wt. Ibs.) compact, more 
rugged lower cost meter. Suitable for majority 


testing; also simple enough for operating per- 


sonnel and junior engineers. 


Model B-2 .... 
Model B-3 .... 


All instruments shown stock 


POTENTIOMETER 


mum accuracy for pipe 
soil potentials. volt 
volt full with 
500 and 1000 milli- 
seales the galva- 
Rugged con- 
struction for rough field 


VIBROGROUND 


Designed for the field engineer field engi- 


for immediate shipment. 


neer, give maximum accuracy, minimum 
weight Ibs.) and speedier readings for the 
pole soil resistance measurements. 


instrument which the field engi- 


LEADERS CATHODIC PROTECTION EQUIPMENT 
FOR OVER YEARS 


Since the early days wind-driven generators the modern air- 
cooled and oil-immersed rectifiers, Brance-Krachy has been the leader 
engineering the equipment best suited for cathodic protection in- 
stallations. 


For Full Information Write Wire Teletype (HO-561) 
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Aircraft Corrosion Discussed San 


Because weight limitations, and the 
necessity for sustained strength, aircraft 
are designed and built with corrosion- 
control measures principal consid- 
eration, San Francisco Bay Area Sec- 
tion was told its April meeting. 
Wible, chemical engineer the Mainte- 
nance Division United Airlines, pre- 
sented paper entitled, “Corrosion 
Problems Aircraft Maintenance.” 

The discussion revolved around light 
metals—aluminum alloys, magnesium— 
but included material corrosion 
stainless steel, principally power 
plant components, and galvanic corro- 
sion from couples dissimilar metals 


LAND! Pipelines, Tank Bottoms, Gather- 
ing Systems, Gas Water Distribution 
Systems 


*ON SEA! Offshore Drilling Platforms, Offshore 
Pipe Lines, Wharves, Piers, Ships, 
Drydocks, Wellheads 


THE AIR! Water Tanks, Condenser Heads 


instruments and accessories. 

The importance corrosion control 
was emphasized Mr. Wible 
pointed out weakening parts 
permissible, and that the safety record 
scheduled airlines due small 
measure frequent and careful inspec- 
tions for signs corrosion. When dis- 
covered, corrective measures are taken 
promptly, said. 


Protective Maintenance 
Principal causes aluminum corro- 

sion, Mr. Wible reported, were: 
Chemical attack exhaust gases, 
atmospheric salts, cleaning compounds, 


CPS handles only first line materials made 


famous well known manufacturers. DOWELL 
Magnesium Anodes GENERAL ELECTRIC 
Rectifiers MALONEY Insulating Materials 
Pipe and Cable Finders CAD- 
WELD Welding Supplies RUBICON Poten- 
tiometers—Soil Resistivity Apparatus—HOLLO- 
WAY instruments. 


% These structures are usually 
protected most economically 
by a combination of CA- 
THODIC PROTECTION and 
the ELECTRO-COATING 
PROCESS which CPS holds 
exclusive license under U. S. 
Patent Numbers 2,200,469 and 
2,417,064. 


PROTECTION SERVICE 


HOUSTON, TEXAS 


4601 Stanford 
Phone JA-5171 


TULSA, OKLAHOMA 


310 Thompson Bidg. 
Phone 2-9857 


Everything in the Cathodic Protection Field from an Insulating Washer to a Turnkey 
Contract Installation 


hard waters and such diverse agent; 
coffee and mercury. 
Intergranular 
from faulty heat treatment. 
Bi-metallic galvanic corrosion, 
Measures found effective were 
the speaker follows: 24ST 
num can protected from 
attack with zinc chromate primer 
aluminized lacquer, whereas 75ST 
corrosion this protection 
Corrosion the latter alloy 
frequent removal corrosive 
posits. Because coatings cannot 
over most exterior parts because 5 
weight and appearance factors, 
Cleaning compounds must haye 
from all parts, especially from betwee 
fayed surfaces. 


Inner Frame Corrosion 

The inner frame and surfaces 
are protected zinc prime 
and paint. Buffet areas where coffee 
served and battery compartments 
protected with acid-resistant paints 
battery trays are filled with sodium ca- 
bonate neutralize spills. 

Magnesium parts get 
treatment consisting special 
acid dip followed hot water 
treatment which gives satisfactory 
sistance water corrosion and 


good base for paint. 


Magnesium Corrosion 

Corrosion magnesium trouble 
some particularly carburetors, 
ing wheels and center section casting 
engines. Trapped water containing 
corrosive salts generally cause the 
trouble. Frequent draining, better 
and primer and enamels have 
this difficulty. 

Stainless steel corrosion usually 
sociated with carbon and bromine 
high temperatures and aggravate 
the build-up lead compounds 
the fuel which intensifies and 
heating. Stress-corrosion 
stainless steel high pressure 
lines also has occurred, 
research under way now 
problem. 

lively discussion followed 
Wibles’ talk. 

Another feature the program 
color motion picture “Pipeline” 
covered technical details the 
surveying, trenching, corrosion 
tion and inspection the Shell 
between Jal, New Mexico, and 
River, Ill. set-up showing the 
ing stations also was included. 


MEMBERSHIP CARDS 
AVAILABLE 


Association members good 
standing will issued request 
membership card the 
Engineers. Address requests 
tary, 919 Milam Building, Hous- 
ton Texas. 


: 
| 
CILITIES 


agents 


24ST 
primer an 
75ST 
exhaust 
is Prevente/ 
OTTOSIve de. 
nnot 
because 
have 
between 


aces planes 
coffee 


artments 


paints 
sodium 


special 
water Sealing 
and isa 


sion 
trouble 
‘tion castings 
containing 
cause the 
better design 
ave overcome 
usually 
romine attack 
and 
ure 


now on the 


followed 


rogram Was? 
the design 
osion 
Shell pipelin 
and 
the 
ded. 


\RDS 


good 
request 
the 

Corrosion 

quests 
ing, 


ship and ashore, vital metal parts many types 


equipment often operate under conditions ex- 
posing them salt water corrosion. And that’s 


where cupro-nickel alloys prove their worth 


fact, during World War II, all available 70-30 
copper-nickel condenser tubes were reserved ex- 
clusively for Naval vessels and tankers. 


And the Because thin walls this strong, 
tough alloy resist corrosive and erosive attacks from 
water. This resistance extends sea water 


containing entangled air bubbles, which passes 


condenser tubes high velocities, and 
silt-laden waters harbors and estuaries. 


addition, the 70-30 alloy combines outstanding 
pitting and stress corrosion cracking, 


maximum resistance dezincification, together 
the ability withstand wide variety corro- 
agents. 


APPLICATIONS 


ships equipped with cupro-nickel con- 
tubes and piping can travel hundreds 


miles and many years longer without 


advantage for merchant vessels. 


But that only one example. Cupro-nickel alloys 
established outstanding service records ap- 
ashore well sea. They serve 
mills, oil refineries and power plants 
vital parts feed water heaters, condensers, 
and other heat exchangers oil 


THE INTERNATIONAL NICKEL COMPANY, 


coolers, stills, water boxes, piping, tanks, and other 
equipment. 


Cupro-nickel alloys eliminate those hidden taxes 


profits represented maintenance, replacement 
expense, loss heat transfer capacity and interrup- 
tions operation resulting from corrosion. 


TYPES AVAILABLE 


Cupro-nickel alloys are available many types 
containing various percentages nickel. The most 
widely used for condenser tubes and marine shore 
station applications composed 70% copper and 
30% nickel. Another which gaining wide accep- 
tance the new iron modified 90-10 cupro-nickel. 


Cupro-nickel available tubing, rod, strip, 
wire and sheet, and also cast form. 


shall glad give you additional informa- 
tion about these versatile cupro-nickel alloys and 
help you select the one best suited your require- 


ments. Write today. 


The International Nickel Company, Inc. 
Dept. Wall St., New York 


Gentlemen: 
Please send additional infor- 
mation about cupro-nickel alloys. 


Name Title 


Address 


WALL STREET 
NEW YORK N.Y. 
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Los Angeles Section Elects Officers; Meetings Sef 


Panel Discussion Held Fort Worth 


North Texas Section held panel discussion program its April 
meeting Fort Worth. James Clay, Jr., Service Engineers, Inc., 
Fort Worth, acted chairman. There were present. 


Tentative Date Set for 
Case Corrosion Course 


Tentative date for the beginning 
the corrosion short course given 
Case Institute Technology, Cleve- 
land, Ohio, September 25, 
Hoxeng the institute advises. fur- 
ther information about the course has 
been given. 


PAINTING MAINTENANCE 
FOR INDUSTRY 


Specializing the Utility 
and Industrial Fields 


SERVING THE NORTHEAST REGION 


Devoted the proper preparation 
surfaces and the application 
anti-corrosive material. 


Invited 


WILLIAM PITTMAN 


219 SUSSEX ST., HACKENSACK, 
HAckensack 3-5185 


N.A.C.E. Member 


Cable Sheath Group 
Members Are Sought 


Members NACE interested cor- 
rosion cable sheaths are invited 
active the recently-organized Tech- 
nical Practices Committee 16—Electro- 
lysis and Corrosion Cable Sheaths. 
Initial work the committee, has 
been announced Irwin Dietze, 
chairman, will outline program 
consistent with the objectives study- 
ing, collecting and compiling technical 
data electrolysis and corrosion lead 
and other cable sheaths. Mr. Dietze em- 
phasized that the committee’s scope in- 
cluded cable sheaths all kinds. 

Those who wish participate this 
work are asked write Mr. Dietze care 
Department Water and Power, 
City Los Angeles, Box 3669 Terminal 
Annex, Los Angeles 54, Cal. 


Cathodic PROTECTION 
More Than Equipment 


You can purchase good cathodic protection equipment from 
many reputable manufacturers anodes, rectifiers, etc. 
But that’s only half the answer rust and corrosion prob- 
lems. The rest technical skill the application 
cathodic protection equipment and theory. 


Electro Rust-Proofing has, your disposal, trained staff 
corrosion specialists ready give each problem the 
individual attention required for successful solution. Why 
not write today? There’s obligation. 


ELECTRO RUST-PROOFING 


BELLEVILLE NEW JERSEY 
REPRESENTED PRINCIPAL CITIES 


Officers for the Los Angeles 
the same those Western 


were named the April dinner 


ing the group held Rodger 
Auditorium, Los Angeles. Officers 
vice-chairman, and Schilling, 
retary-treasurer. Forty members and 
guests were present. 

round table discussion anodes 
five talks Gilbert, Souther 
California Gas Co., Flor, 
Lemon Grove and Spring Valley 
gation District; Patterson, 
ern Counties Gas Co.; Ford, Ele. 
Kirkendall Los Angeles 
Water and Power. 

Proposed by-laws for the section 
been mailed members and will 
voted next meeting June 21, 
ture meetings are scheduled the 
tion also August 16, October 
December 20. 


Return Conference 
Discussions Solicited 


Return completed remarks 
which were sent all who 
written discussion records the 
conference the association St. 
urged. The collected discussion 
ords are sent authors soon 
author’s comments the remarks 
questions asked. 

Because conference papers are 
published more speedily than last yea 
more important than ever that 
remarks quickly completed the 
may published with the 
which they refer. the case 
marks completed after paper has 
peared Corrosion, they will 
separately later issues properly 
tated 
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Los Angeles Section Elects Officers; Meetings 


Panel Discussion Held Fort Worth 


North Texas Section held panel discussion program its April 
meeting Fort Worth. James Clay, Jr., Service Engineers, Inc., 
Fort Worth, acted chairman. There were present. 


Tentative Date Set for 
Case Corrosion Course 


Tentative date for the beginning 
the corrosion short course given 
Case Institute Technology, Cleve- 
land, Ohio, September 25, 
Hoxeng the institute advises. fur- 
ther information about the course has 
been given. 


PAINTING MAINTENANCE 
FOR INDUSTRY 


Specializing the Utility 
and Industrial Fields 


SERVING THE NORTHEAST REGION 


Devoted the proper preparation 
surfaces and the application 
anti-corrosive material. 


Inquiries Invited 


WILLIAM PITTMAN 


219 SUSSEX ST., HACKENSACK, 
HAckensack 3-5185 


N.A.C.E. Member 


Cable Sheath Group 
Members Are Sought 


Members NACE interested cor- 
rosion cable sheaths are invited 
active the recently-organized Tech- 
nical Practices Committee 16—Electro- 
lysis and Corrosion Cable Sheaths. 
Initial work the committee, has 
been announced Irwin Dietze, 
chairman, will outline program 
consistent with the objectives study- 
ing, collecting and compiling technical 
data electrolysis and corrosion lead 
and other cable sheaths. Mr. Dietze em- 
phasized that the committee’s scope in- 
cluded cable sheaths all kinds. 

Those who wish participate this 
work are asked write Mr. Dietze care 
Department Water and Power, 
City Los Angeles, Box 3669 Terminal 
Annex, Los Angeles 54, Cal. 


Officers for the Los Angeles 
the same those Western 
were named the April dinner 
ing the group held Rodger Young 
Auditorium, Los Angeles. Officers 
vice-chairman, and Schilling, 
retary-treasurer. Forty members and 
guests were present. 


round table discussion anodes 


five talks Gilbert, Southen 
California Gas Co., Flor, 
Lemon Grove and Spring Valley 
gation District; Patterson, 
ern Counties Gas Co.; Ford, Ele. 
Kirkendall Los Angeles Departmen; 
Water and Power. 

Proposed by-laws for the section have 


been mailed members and will 


voted next meeting June Fy. 
ture meetings are scheduled the se. 
tion also August 16, October 
December 20. 


Return Conference 
Discussions 


Return completed remarks forms 
which were sent all who submitted 
written discussion records the 
conference the association St. Louis 
urged. The collected discussion 
ords are sent authors soon for 
author’s comments the remarks 
questions asked. 

Because conference papers are being 
published more speedily than last year, 
more important than ever that the 
remarks quickly completed they 
may published with the paper 
which they refer. the case 
marks completed after paper has 
peared Corrosion, they will 
separately later issues properly 
tated 


Cathodic PROTECTION 
More Than Equipment 


You can purchase good cathodic protection equipment from 
many reputable manufacturers anodes, rectifiers, etc. 
But that’s only half the answer rust and corrosion prob- 
lems. The rest technical skill the application 
cathodic protection equipment and theory. 


Electro Rust-Proofing has, your disposal, trained staff 
corrosion specialists ready give each problem the 
individual attention required for successful solution. Why 
not write today? There’s obligation. 
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Designed withstand extreme variances 


ambient temperatures, humidity and atmospheric 
pressures. Manufactured complete range 


sizes and capacities. 


CATHODIC SERVICING CO. 
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Summary Talk Furfural Corrosion Given 


foaming the towers. Also, 
economic value was the fact that poly. 
mer formation furfural was vitally 
affected the presence TEA 
the furfural-water streams were 
After trial run plant-wide scak 
triethanolamine pumping injecting 
ities were installed injection 
approximately GPH, which 
duces approximately 0.03% TEA 


Following summary the talk 
given Frank Jelinek Neches 
Butane Products Co., Port Neches, 
Texas, members the Sabine-Neches 
Section NACE meeting February 
Orange, Texas: 


Furfural Corrosion Extractive 
Distillation Equipment 


Neches Butane Products Company’s 
plant Port Neches, Texas, govern- 
ment owned butadiene plant, employs 
several 100-tray fractionating towers 
separate close boiling point hydrocar- 
bons. order that the relative volatil- 
ities the hydrocarbons may altered 
that large scale fractionation prac- 
tical, furfural used selective solv- 
ent separate butylene-1 from isobu- 
tane, butylene-2 from normal butane, 
and butadiene from 

After several months following initial 
plant operation, was found that tow- 
ers, heat exchange equipment, piping, 
and mechanical equipment were coking 
and suffering corrosion (by reduc- 
tion). Corrosion was found weld areas 
and stressed portions the equipment 
and coke was being deposited the 
trays and the lines and pumps. 

Simulated plant studies were con- 
ducted combat the corrosion and 
was found that furfural-water mixture 
(94% and 6%), when heated high 
300° produced acids and furfural 
polymer, resulting loss furfural 
about 5000 Also, there was 
indicated that the rate acid formation 
was essentially constant the absence 
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hydrocarbons, regardless acid and 
polymer concentrations, rate polymer 
formation increased with increase 
polymer concentration and/or acid con- 
centration and the rate acid and poly- 
mer formation the furfural varied 
the presence hydrocarbons. The pres- 
ence butadiene particularly contrib- 
uted additional polymer formation. 


attempt was made neutralize the 
furfural-water streams with soda ash 
since the averaged approximately 
4.0. was found that even with ex- 
cess 200 per cent soda ash that 
little neutralization was being effected, 
probably due the difficulty contact- 
ing the soda ash with the acid the 
furfural-water streams. addition, 
was felt that soda ash may have been 
contributing factor additional polymer 
formation. 

Additional studies, thereafter, sug- 
gested the use primary, secondary 
and tertiary amines inhibitor the 
acid the furfural streams. However, 
the primary and secondary amines could 
have been expected react with the 
furfural and since the tertiary amines 
which have hydrogen joined the 
nitrogen atom would most cases not 
expected react with the furfural. 


Pilot Plant work indicated 
ethanolamine, viscous and very hydro- 
scopic liquid, could expected solve 
the corrosion problem since easily 
soluble furfural, miscible water, 
slightly soluble hydrocarbons, boils 
above 600° atmospheric pressure, 
non-toxic, and does not tend cause 


furfural-water streams. 


nance Corporation, 


Chapter. Included 


THE SAFEST METER INSULATI 


FIRE DEVIL NUTS wil! 
the job. Samples and specifica- 


Standards, glass melanine lami- 
nates will meet the fire resistant 
specifications for inside use. 


tions request. 


Office 


The use triethanolamine has pra. 
tically eliminated corrosion, reduced fur. 
fural polymer formation more 
per cent, and reduced loss due 
downtime because corrosion and 
ing, resulting total savings ap. 
proximately $234,000.00/year. 

This work was carried 
sponsorship the Reconstruction 
Rubber 
Reserve, connection with the 
ment’s synthetic rubber 


ASM Meeting Set 


Seven chapters the 
ciety Metals located partly 
Pennsylvania will meet June 
for their Seventh Biennial Pennsylvania 
Interchapter Meeting State College, 
Pa., under auspices the Penn State 
announced 
technical program will 
Dr. Cyril Stanley Smith “The 
Microstructure Metals.” 
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CORROSION DAMAGE PREVENTION... 


was 


TEA 

Were 

ely 7.0, 

protecting pipe with Somastic Pipe Coat- 
ing, corrosion can prevented before 

starts. Long range experience has demon- 

more than strated under severe conditions highly cor- 

rosive locations for already known periods 


years that this impervious coating has 
proved the staying quality its protection. 


under 


ten-year pipe coating tests and thous 

ands miles operating lines furnish 


conclusive evidence this coating’s effec- 


tiveness. 

rican 

specifications and firmly bonded the pipe 


“The field joints the same mixture make this 


protection continuous along the pipe line. 


The Best PIPE COATING 


* Reg. U.S. Patent Office 


Plant the Field 


Central Plant 


Vol 


Numerous Significant Corrosion Items 


Included June ASTM Program 


Items probable corrosion-interest 
scheduled for presentation during the 
1950 American Society for Testing Ma- 
terials meeting beginning June At- 
lantic City are follows: 


Reports 
A-5 Corrosion Iron and Steel; A-10 
Iron-Chromium (Nickel) Related 
Alloys; B-3 Corrosion Non-Fer- 
rous Metals and Alloys; B-8 Electro- 
deposited Metallic Coatings. 


Papers Metals 

Some Considerations the Joining 
Dissimilar Metals for High Temperature 

Spray Testing With Natural and Syn- 
thetic Sea Water. II. Study Or- 
ganic Coatings Alexander and 
Thomas May. 

Synthetic Sea Water and Its Cor- 
rosion Characteristics Salt Spray 
Alexander. 

Magnesium—Cerium Wrought Alloys 
for Elevated-Temperature Service 
Grube, Davis and Eastwood. 

Magnesium—Cerium Cast Alloys for 
Elevated-Temperature Service 
Grube and Eastwood. 

Effects Anodic Coatings the 
Fatigue Strength Aluminum Alloys 


Handy calculator 
—one side tells 
you which strap 
fo use for any 
given corrosive 
condition; other 
side determines 
length and weight 
of strap required 
for any binding 
operation. 


errard Co. 


1952 Hawthorne Ct., Melrose Park, 
(Chicago Suburb) SM-2 


Aluminum—6 Percent Magnesium 
Casting Alloys for Elevated-Tempera- 
Hodge and Lorig. 

The Effect Various Treatments 
the Fatigue Strength Notched S-816 
and Timken 16-25-6 from Room Tem- 
Jones and Wilkes, Jr. 

Effect Temperatures the Me- 
chanical Properties, Characteristics and 
Processing Austenitic Stainless Steels 


Sigma Phase and High Temperature 

The Formation Sigma and Its In- 
fluence the Behavior Stabilized 
18-8 Cr-Ni Steels Concentrated Nitric 
Acid Stewart and Stephen 
Urban. 

Effect Prolonged Exposure Ele- 
vated Temperatures the Microstruc- 
ture and Mechanical Properties AISI 
Type 310 Stainless Steel 
Emmanuel. 


Corrosion, Erosion Gas Turbine 
Materials 

Coal Ash Corrosion Metals Ele- 
vated Temperatures Evans. 

Oil Ash Corrosion Metals Ele- 
vated Temperatures Evans. 

The Stress-Rupture Properties In- 
conel and Inconel “X” 

Stress-Corrosion Tests Turbo- 
Supercharger Materials the Products 
Combustion Leaded Gasoline 
Wilkes, Jr. 

Hydrogenizing Reactions Gases 
Metals Elevated Temperatures 


Concrete, Lime, Etc.. Materials 
C-15 Manufactured Masonry Units. 
Testing Cement-Base Paints and 

Dampproofers William Spurgeon. 
Results Testing Surface Water- 


Miscellaneous 

Paint, Varnish, Lacquer and 
Related Products. 

Petroleum. 

D-8 Bituminous Waterproofing 
Roofing Materials. 

Electrical Insulating Materials. 

Shipping Containers. 

Rubber. 

Engine Antifreezes. 

D-18 Soils for Engineering Pur- 
poses. 

D-19 Industrial Water. 

D-20 Plastics. 

Chemical Analysis Metals. 

E-7 Non-Destructive Testing. 

E-9 Fatigue. 

Joint Committee Effect Tem- 
perature the Properties Metals. 

Effects Elevated Temperatures 
Strength Thermosetting Laminates 
Nathan Fried and Winans. 

Outdoor Weather Ageing Plastics 
Under Various Climatological Condi- 
Winans. 


ENGINEERS 


Electrochemical Society 
Pittsburgh Section 
Hold One-Day Meeting 


Pittsburgh Section, 
June the Alcoma Country 
The technical program will ty, 
sessions, one beginning 10:00 a.m, 
the other 1:30 p.m., with 
luncheon intervening. Following the 
ternoon technical session facilities 
club and the club golf course 
open members and guests. 

Guests are welcome. Those who 
attend may apply cither 
Bialosky, Steel 
Research Laboratory, Pittsburgh 
Eldredge Camp, Westinghouse 
Corp., Research Laboratory, East 
burgh. 


Official Dates Are Set 
For 1951 Conference 


Official dates for the 1951 
New York City the National 
sociation Corrosion Engineers 
been set March 13-16 inclusive. 
12, Monday, will set aside for 
mittee meetings, following 
set St. Louis. All sessions and 
hibits will the Statler Hotel, 


Officers Are Named 
Metal Powder 
Association Meeting 


Officers elected the Metal Powder 
Detroit were: duPont, sales 
ager, Plastic Metals Division, 
Radiator Co., reelected president; 
Robinson, the Wel-Met 
vice-president and Schenck, 
perintendent the Scrub Oaks 
Alan Wood Steel Co., was 
chairman the board. 
elected were Robinson, the We: 
Met Co., and Fischer, Americat 
Electro Metal Corp. 


NBS Testing 


Testing facilities and services 
able from the National Bureau 
ards, Washington, C., which 
from its custody 
ards are outlined page 
NBS Circular 483, 
Government Printing Office, 
ton 25, C., cents copy. 


Corrosion 
News Deadline: 
10th Month 

PRECEDING 
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Finish Resist Water Impingement Erosion 
Leading Edges 700-Mile-an-Hour Airplanes 
Sought Navy Department Bureau Aeronautic; 


The Navy Department, Bureau 
Aeronautics, seeking the assistance 
industry, through the Paints and 
Related Protective Coatings Advisory 
Committee,” the development 
erosion-resistant finish system for use 
leading edges high speed aircraft. 
This committee one many indus- 
trial advisory groups organized and 
sponsored the National Security In- 
dustrial Association its comprehensive 
program make available the armed 
services the benefit disinterested in- 
dustrial advice and assistance 
solution problems. 

provide the Bureau Aeronautics 
with this assistance, the first step 
its program, the NSIA Committee col- 
lecting for the bureau all recently devel- 
oped information regarding new and 
novel finishing schemes and materials, 
improvements known finishing 
schemes and materials, radical depar- 
tures from conventional finishing prac- 
tices, unique developments resins, 
plastics, film forming materials and 
hesives which may have application 


* Eagle-Picher Co., American Building, Cin- 


cinnati, Ohio. 


shop 


ALVIN GOETZ* 


this problem. The society cooperating 
this program publishing this re- 
quest. 

The bureau and NSIA will appreciate 
the cooperation all concerns which 
are interested in, producing, have 
information concerning such materials, 
processes finishing schemes whether 
not they are currently direct 
contemplated manufacturing interest 
the extent having them submit all 
relevant technical information. Samples 
are not desired this time, but will 
probably requested later date. 

Replies this inquiry should ad- 
dressed to: 

Mr. Alfred Malloy 

Materials Branch 

Bureau Aeronautics 

Department the Navy 

Washington 25, 
Or: 

Mr. Patterson Humphrey 

National Security Industrial 

Association 
110 William Street 
New York New York. 


The Bureau’s Objective 


The bureau seeking develop 
suitable primer and topcoat finish sys- 
tem for the leading edges high speed 
aircraft for the purpose resisting ero- 
sion due the impingment rain and 
other precipitation speeds 
neighborhood 700 miles per hour. Al- 
though the requirement for 
topcoat for universal use all the fol- 


lowing aircraft structural 
which require painting; 
magnesium, stainless steel, 
laminate; nevertheless, separate 
coat materials are permissible, 
sion each substrate. Consistent 
other important factors, such 
ability, economy, etc., extension 
use the developed the 
ance the aircraft exterior surfaces, ip. 
cluding exterior components and 
sories, will receive serious consideration, 
order solve other 
problems, such “oil-canning,” 

The need for this finish system arise 
result greatly increased operating 
speeds military aircraft. Organic 
ings heretofore employed the leading 
edges jet-propelled and high 
speed military aircraft have been 
unsatisfactory because the coatings 
away, usually down the bare 
after high speed flights even 
short duration through rain other 
precipitation. The force impact the 
impinging particles causes the paint 
peel from the forward sections the 
wings, horizontal stabilizers, vertical 
wing tip fuel tanks, and nose the 
craft. suitable type coating, pos 
sessing strong adhesion forces the 
metal-film interface, required 
this force. 

The Bureau Aeronautics cur 
rently concentrating major efforts 
the development coating the 
tensible type for this application, the 
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Back 1942, when first recommended the addition 


acid cooling water order provide better control 


over corrosion, the experts gasped—even though the value 
low values conjunction with Calgon* had been 


demonstrated two years earlier number industrial 
plants, and reports the experiences these plants had 
been 

had long been known, course, that dropping the 
value the water below 7.0 would tend change the type 
attack metal surfaces the water system from one 
nature general one occurring over the entire 
surface the metal. Deliberately lowering the value, 
however, was previously unthinkable, since the total rate 
corrosion would not decreased the lower values but 
would usually accelerated. 

Fortunately, these pioneering plants were able obtain 
the necessary low range 6.0 7.0 merely decreas- 
ing discontinuing the feed alkali. Other plants with 
more alkaline waters have since obtained reduction 
addition acid. these values, Threshold Treatment 
with Calgon quickly solved the problems tuberculation 
and pitting. 

Results these plants has demonstrated that: (1) main- 
tenance the range 5.0 7.0 tends spread 


*T.M. Reg. U.S. Pat. 


NEWS 


the attack uniformly over the whole surface the metal, 
and (2) Threshold Treatment with Calgon just effec- 
tive controlling the total corrosion over this acid 
range higher values. Combined low pH-Calgon 
treatment is, therefore, the most effective way combating 
corrosion cooling water systems. 

For more detailed information this and other pro- 
cedures utilizing Calgon control corrosion, fill out and 
mail the coupon below, write concerning any specific 
problem which you are interested. 


CALGON, INC. 
Hagan Building, Pittsburgh 19, Pa. 


Please send copy your bulletin, Controls 


Corrosion.” 


STATE 


| 
| 
STREET AND NUMBER 
Z 


Finish Resist— 


firm belief, based the test results dis- 
cussed below, that extensible mate- 
rial required resist the cavitation 
and erosion effects impacting particles 
the sub-sonic and trans-sonic ranges, 
rather than hard porcelain-type 
coating, has been advocated some 
quarters. this connection, sug- 
gested that the coating flows around the 
impacting particles, dissipates very 
short period time the energy resulting 
from the impact, and then rebounds 
its original contour. is, course, en- 
tirely possible that some limiting veloc- 
ity will encountered the supersonic 
range, beyond which the efficacy ex- 
tensible organic coatings would nulli- 
fied. preliminary tests, extensible 
materials have displayed many-fold 
resistance erosion whirling arm 
test devices such the Cornell Aero- 
nautical Laboratory 500 mph apparatus 
developed for the Air Material Com- 
mand, and the 700 mph apparatus 
developed the University Louis- 
ville for the Bureau Aeronatuics. Pre- 
viously conducted erosion tests employ- 
ing blast carborundum dust with 
without accompanying water have been 
found measure only the resistance 
abrasion caused these needlelike, im- 
pinging grit particles. Since such tests 
neither simulate rain erosion high 
speeds nor evaluate any other factor 
planned erosion test program, they have 
been discontinued the Bureau 
Aeronautics. order assist organ- 
izations attempting formulate high 
speed aircraft coatings, approximate 
desirable goal, which still remains very 
flexible, set forth for guidance 


Test Methods for the 
More Important Requirements: 


Tensile strength and elongation rup- 
ture tests should conducted free 
films, employing hydraulically- oper- 
ated 
driven tester capable operation 


ASSOCIATION CORROSION ENGINEERS 


TABLE 


Tentative Requirements for High Speed Coatings 


Adhesion to 75ST and 24ST clad aluminum alloys........... 
Adhesion to FS-1h magnesium 
Adhesion to fiberglas 


Tensile Product— 
(Tensile Strength x Elong. at Rupture in percent) 


1000 

Erosion resistance at 700 mph in a rainfall of 1.0 inch per 

per hour, average diameter of drops 1.0 mm,,............ 
Thickness of coating. . . 
Softening temperature. 
AN-F-42 Type IV Hydrocarbon Test Fluid resistance. ..... 
Florida outdoor weather 


AN-F-13 Anti-icing Fluid 


6000 psi. minimum 
6000 psi. minimum 
6000 psi minimum 
Satisfactory 
psi. minimum 
percent minimum, preferably sever 


600 minimum, preferably 1000 


30 minutes minimum 

-003 inch maximum 

Above 250° F. 

Satisfactory 

Satisfactory 

1 year minimum 

Not over 300° for minutes 
not over 200° for minutes 
immediately useful) 

Satisfactory 

Shall require little Tubbing 

A-N color No. 623 preferred (exact 


not manadatory at this time) 


The foregoing is offered purely as the basis for preliminary work in order to establish a definite goal 


workers in this field. 


constant rates loading, rather than 
the customary constant rate travel. 
Adhesion should determined with 
device such the Interchemical Ad- 
herometer, employing blade suit- 
ably selected material; electromag- 
netically-operated adhesion tester such 
that Dr. Soller the University 
Cincinnati, with machined test 
plugs, employing ASTM procedure 
D897-46T. choosing appropriate 
cement for performing the latter test, 
should noted that Vinylite XYHL 
has shown outstanding performance 
preliminary work with aluminum test 
plugs, producing adhesion forces the 
neighborhood 7000 psi. Some idea 
the order magnitude the adhesion 
the developed coatings may gained 
manipulation the coating under 
microscope approximately 30X mag- 
nification, employing wedge-shaped 
needle. This preliminary examination, 
using control material known ad- 
hesion for visual comparison purposes, 


Magnesium Anodes 


Only Federated: gives you magnesium anodes with: 


Integrated Core electro-galvanized, full-length, spiral-wound 
strip core perfectly bonded the magnesium alloy assures con- 


tinuing operation. 


Silver-Soldered Lead Wire Connections for lasting, non- 
corrosive connections with low resistance. 


Shape and Weight Your Specifications. for maxi- 
mum efficiency. Stock sizes also: sq., sq., and sq., lengths 


from 15” 66”. 


Federated also supplies PACKAGED ANODES 
standard and size with backfill your 


specification for easy field installation. 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway, New York 


lor 


will much sieve out unsatisfactory 
materials and thus avoid expensive 
unnecessary further testing. (It 
noted that, since the Bureau 
nautics’ planned program work with 
the University Cincinnati adhesion 
tester will tax the capacity this ip. 
strument the limit for the next 
proximately eighteen 
this particular than 
those already assigned regrettably 
not undertaken.) 

The resistance rain erosion 
determined with apparatus similar 
the Cornell Aeronautical 
whirling arm test device, order 
simulate service conditions. under- 
stood that the Cornell Aeronautical 
oratory willing conduct commer 
cially limited number rain erosion 
tests, upon direct request. 

rain erosion test work must 
recognized that, the absence 
quate accompanying adhesion, such tests 
may result meaningless data, 
the maximum obtainable erosion 
ance not realized the area under 
examination capable lateral 
ment the substrate interface under 


the force impact the eroding 


ticles. Accordingly, every attention 
paid insure very high degree 
adhesion since Adhesion 
the Most Important Single 
High Speed Aircraft Coating, With 
Extensibility Following Next 
portance. 

The following test should 
ducted determine the 
the finish scheme insofar affects 
anchorage the metal: 

inch panels the appropriate 
shall carefully solvent cleaned. 
medium spray coats the primer 
panels shall then coated with the 
quired number coats the 
material, reduced prescribed 
manufacturer, followed air dry 
bake The four panels shall 
then immersed for hours dis 
tilled water room temperature. After 
hours immersion each 
removed from the water, wiped dry 
soft cloth and immediately 
two parallel scratches one inch 
shall made down metal, using 
immersed. one inch wide 
Federal Specification UU-T-106 masking 
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design the perfect PIPE WRAP yourself! 
come with the 


NEW Parallel Reinforced 


You know what you want. suppose 
you line your wants against these features: 


Look the picture the new parallel 
reinforced Coromat. It's the joy dope men 
because it's strong; been broken yet. 
Notice the greater number finer glass fibers. 
This means greater take-up coating, per- 
fect bond, holidays. 


Because Coromat glass naturally 
resists acids and electrolysis. has wick- 
ing action, take moisture, won't rot. 
Because tough and dimensionally stable 
has highest impact resistance, won't sag. 


How does that square with your list 
wants? Why accept less than Coromat? 
Backed science and experience, Coromat 
doing better job everywhere, and the 
new parallel reinforced Coromat naturally 
better! Get data samples now! 


the trade-mark (Reg. Pat. Off.) Owens-Corning Fiberglas Corporation for variety products made 


originated glass wraps. have the 
facilities. Our research never ceases. When 
better wraps are built, will build them! 


FREE! Write for booklet, Protection for Under- 
ground and sample Coromat. Owens-Corning 
Fiberglas Corporation, Dept. 53-F, Toledo Ohio. 
Branches principal cities. 


COROMAT 
Pipe Wrap 


with glass tibers. Coromat trade-mark Owens-Corning Fiberglas Corporation. 


FIBERGLAS YOUR LIFE...FOR GOOD! 


: 
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Finish Resist— 


tape shall applied, adhesive side down, 
across the scratches. The tape shall 
pressed down using two passes 
pound rubber covered roller approxi- 
inches width, the surface which has 
Durometer hardness value within the 
range 70-80. The tape shall then re- 
moved with one abrupt motion and the 
panel examined for damage, such re- 
moval the topcoat from the primer 
removal the entire finish system 
from the metal. 


Titanium Metallurgy 


Houston Section members were in- 
vited attend meeting American 
Welding Society Houston Section May 
which Schuyler Herres, Alle- 
gheny Ludlum Steel Corp., Bracken- 
ridge, Pa., spoke “Metallurgy Ti- 
tanium.” 


NACE MEMBERS 
You Change Addresses 


You Change Company Affiliation 
You Change Positions 


Please notify the Central Office NACE, 
919 Milam Building, Houston Texas, 
that you will get CORROSION with- 
out delay and that association records 
kept abreast your progress. 


THANKS! 


Problems 


Questions and answers for this heading should 
be submitted in duplicate if possible, ad- 
dressed PROBLEMS”, Na- 
tional Association of Corrosion Engineers, 919 
Milam Building, Houston 2, Texas, Questions 
received at the address above above will be 
sent to E. A. Tice, The International Nickel 
Co., Inc., N. Y., who is acting editor of the 
page. All questions will become property 
NACE. Questions and replies may or may not 
published under this heading and may 
answered either by mail directly to the person 
asking the information, or published under 
this heading, or both, at the discretion of the 
editorial staff. Answers to published questions 
are solicited. Authors of questions will re- 
main anonymous to readers, while authors ‘of 


answers may remain anonymous if they request 
it. 


No. (a) Can cathodic protection 
used long distance water lines 
prevent internal corrosion? 


ANSWER 


Cathodic Protection can used long 
distance water lines prevent internal cor- 
rosion. The economical feasibility doing 
depends upon number factors. obtain 
complete protection the full length such 
continuous anode inside the line, in- 
stalled discreet anodes, spacing between 
anodes should not more than about two 
pipe diameters. the case small diameter 
lines, where the cost installing either spaced 
anodes continuous anode per unit length 
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pipe runs proportionately quite high, 
thodic protection usually not found 
economical except special instances, the 
larger water lines, say 24-inch, 36-inch, 
larger, the economics may much 
favor installing cathodic protection, 
ing total dissolved solids content the 


water, either magnesium strip rod may 


suspended suitable manner the 
the pipe continuous fashion and 
the pipe intervals and reasonable life 
pected. the interior the line coated 
the total dissolved solids the water are 
high, sufficient current output may 
from anode and sufficient 
current obtained allow the installation 
such anodes sufficiently great 
make this method the most economical 


proach.—E. DOREMUS, Cathodic Protection 
Service. 


No. (b) oxygen the only cause 
corrosion long distance water 
pipe lines when the the 
between 7.5 and 8.0? 


ANSWER 


Although oxygen the most 


“cause” corrosion long distance 
pipelines reason the fact prevents 


polarization the cathodes thereby keeping 


the anodes active, not the 
which may present waters. quite effec. 
Cathodic Protection Service. 


No. 34—What proportions bentonite, 
gypsum and sodium should 
used backfill for magnesium 
anodes? What should the specif- 
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cations each ingredient chloride content. The chloride content any come DOREMUS, Cathodic 
found chemical analysis and grain coarse- the ingredients should not exceed 0.1 per- Service. 

For ness give the best results? cent, otherwise good commercial grades 

36-inch, these materials are quite satisfactory. No. (a) When using carbon graph- 

sodium sulfate have been used during the into which the anode installed, particle able follow the practice tamp- 


the anodes. al! the combinations which have used make packaged anode where 
and been tried, that found yield the best per- desired wet the anode and obtain im- 
nable formance result literally thousands readings current output, particle ANSWER 

coat tests conducted the Dow Chemical important and the ingredients should When graphite carbon anode installed 
develop the ideal backfill follows: 75% about mesh.—E. DOREMUS, backfill, tamping considered desirable. 
Gre quite gypsum, 20% bentonite, and sodium sul- Service. the backfill not tamped, “bridging” may 
expected fate. result which will have the following effects: 
spread The high percentage gypsum serves No. 36—Can zinc anodes effectively Poor electrical contact between anode and 


please explain why. 


give the best “efficiency” for the anode. used control corrosion and soil. Backfill will settle time leaving 
spacing this, mean highest number ampere hours formation cooling water con- fill around the anode. There will 
op. useful current obtained. The purpose the denser tubes? not, the use tendency discharge current unevenly from 
Protection bentonite absorb and retain soil moisture zinc hydrosulphide effective? What the anode, resulting uneven oxidation the 
get most nearly uniform current out- minimum concentration satisfac- itself. 

q 


put from the anode during all seasons. Higher tory, and what the theory in- the backfill tamped around the anode, 


percentages bentonite have been used, but volved? the initial resistance will lower and the cur- 
due the tendency bentonite shrink ANSWER rent will discharged the soil uniformly 
its moisture content decreases, these higher from the periphery the backfill. Care should 


the water percentages the backfill have resulted the question intended inquire into used tamping avoid breaking the 


4 

tendency for the backfill pull away from the application cathodic protection con- OLIVER, Union Carbide and Car- 
soil, resulting poor soil contact and sharp tubes which are cooled cascading bon Corporation. 

drop current output the anode. The pur- would impractical use 
pose the sodium sulfate the backfill anodes any other type cathodic protec- 


wate reduce the resistance the contact mitigate corrosion the surface 

prevents anode and high percent tubes. If, the other hand, the tubes are Want Your Answers 

eby sodium sulfate has been used previous mix- immersed the cooling medium, cathodic 

tures, but has been found that percent protection can quite effectively applied Corrosion Problems 

yield desired results practically all types tubes. Sacrificial anodes general are prob- Replies questions under this heading 
soil. There evidence that the higher percent- ably the most economical current source for are solicited NACE. Tables, graphs 
ages sodium sulfate may increase local cell type application. The possibility quite for full 

ate should tendency become polarized and would lose bli 

its effectiveness. Magnesium would the best question number. 

specif. ere are critical chemical specifications metal use for such application since 


for any the above ingredients except the fortunately does not have tendency be- 


Horton Roofs 
because they float 


the liquid 


There vapor space under Horton 
trapped under the roof when first 
filled forced out through vent before 
the roof floats. The corrosion which 
would take place air vapor were 
present eliminated. 

You’re not bothered with numerous 
repairs corroded roof plates when you The drawing above shows cut-away view 
equip your storage tanks with Horton Horton DOUBLE-DECK Floating Roof installed 
Roofs. Write our nearest office flat-bottom tank. Horton Floating Roofs are 


for complet ails available two other designs—the PON 
and the PAN. Write for information all three. 


CHICAGO BRIDGE IRON COMPANY 


North Abreu Building Salt Lake City 4......563 West 17th South Street 

ston 1060—201 Devonshire Street Houston 2....2159 National Standard Building ildi 
2119 McCormick Building Los Angeles General Pet. Building 1363 Henry Building 
Cleveland 2248 Guildhall Building New 3328—165 Broadway 1640 Hunt Building 
Plants in: BIRMINGHAM, CHICAGO, SALT LAKE CITY, and GREENVILLE, PA. 
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NACE 


NEW AND REINSTATED 


MEMBERS 


AND ADDRESS CHANGES 


NEW AND REINSTATED MEMBERS 
(Changes Through April 27, 1950) 


ALABAMA 


HILL, J. ERNEST, Tennessee Coal, Iron & 
Railroad Co., Fairfield Tin Mill, Fairfield, 
Alabama, 


CALIFORNIA 
BROWN, JOHN R., 


Inglewood, California. 


KEYT, ERNEST B., California Research Corp., 


El Segundo Laboratory, 
gundo Blvd., 
NOLAN, 


324 W. El 
El Segundo, California. 
JAMES C., Gilmore & Nolan, 


fornia. 

SCHUHMACHER, GORDON 
& Sub. Hall Lab & Calgon Inc., 
Olympic, Los Angeles, California. 


COLORADO 


SCULL, WILLIAM L., Colorado Interstate Gas 
Co., Box 1087, Colorado Springs, Colorado. 


CONNECTICUT 


WEIR, WILLIAM J., Chase Brass & Copper 
Con- 


Co., 236 Grand St., 
necticut. 


Waterbury 91, 


DELAWARE 
BRIED, EDWARD 4A., 


Wilmington, Delaware. 


HOWELL, WILLIAM E., Hercules 
Co., 900 Market St., Wilmington, 
ware. 


WILLIAMSON “CONCENTRIC SUPPORT” 
PIPE LINE CASING 


PIPE 


CENTERED 
CASING 


This improved Williamson Pipe- 
line Casing Insulator 
mately centers the line pipe 
the casing. This removes support 
pipe from “WmSEAL” 
Casing Bushings, and fa- 
cilitates their installation. 

addition, William- 

son Pipeline Casing 

Insulators: 


(1) Protect the 
Pipe Coating 
(2) Act Pipe Skids, 
Facilitating Crossing In- 
stallations 
(3) Separate Pipe and Casing, 
Assuring Insulation for Catho- 
dic Protection. 


3525 West 74th Place, 


Inc., 
3308 E, Pico Blvd., Los Angeles 23, Cali- 


Hagan Corp 
1807 E. 


Hercules Powder Co., 
Naval Stores Dept., Delaware Trust Bldg., 


Powder 
Dela- 


Vol. 


DISTRICT COLUMBIA 
VAN ETTEN, FRANK M., Bureau of Ships 
Navy Dept., 18th Constitution, 


INDIANA 
BELL, W. REX, JR., Poster Parts Co., Wabash 
at Brown Ave., Terre Haute, Indiana " 
MITCHELL, MALCOM, Reilly Tar & Chemi al 
Corp., 1615 Merchants Bank Indian 
apolis 4, Indiana. 


ILLINOIS 
BOLLING, JOHN G., The Tapecoat Co. 1523 
Lyons St., Evanston, Illinois. 
BRAUNING, J. F., National Carbon Division, 


Union Carbide & Carbon Corp,, 236 N 
Michigan Ave., Chicago 
BUETTNER, WALTER J., Plastic Lining 
Corp., 914 South Wabash Ave., 
Illinois, 
GOODMAN, E. E., Reilly Tar & Chemical 
Corp., Box 370, Granite City, 


LYON, JOHN A. M., Dept. of Electrical En- 
gineering, Techological Institute, North. 
western Univ., Evanston, 3 

CHESTER G., SR., 


MERWIN, WALTER J., Institute 


of Gas 
Technology, 3300 S. Federal St., Chicago 
16, Illinois. 

PECKHART, MAX A., American 
Co., 7 East Clinton St., Joliet, 


Tel, & Tel, 
Illinois, 
REED, CLYDE L., Wilson & Co., Inc., 410) 
S. Ashland Ave., Chicago 28, Illinois, 
SERBULA, STEVE, JR., 1837 N. Natchez Ave, 
Chicago 35, Illinois. 
SWANBECK, LEONARD W., E. 
Oil Co., Box 517, Mt. Vernon, I!linois, 
WEISE, F. F., Shell Oil Co., Wood River 
Refinery, Wood River, Illinois. 


A. Obering 


WEISERT, ROBERT H., Sales Engineering 
Inc., 540 N. Michigan Ave.. Chicago, 
Illinois. 

KENTUCKY 
BROOKS, JERRELL EUGENE, Ashland Oi] 


& Refining Co., 1409 Winchester Ave, 
Ashland, Kentucky. 
KLEIN, JAMES C., Texas Gas T: 


nsmission 


Corp., 423 W. Third St., Owensboro, Ken- 
tucky. 
McEWEN, CECIL R., Illinois Central Rail- 
road, Paducah, Kentucky. 
LOUISIANA 
HALE, ROBERT L., JR., Cit-Con Oil Corp. 
P. O. Box 1578, Lake Charles, Louisiana. 


LAUTNER, ROBERT B., 3553 Hyacinth Ave, 
Baton Rouge, Louisiana, 


MARYLAND 
McGOWAN, BENJAMIN I., JR., Inter-Coastal 
Paint Corp., Dundalk 22, Baltimore, Mary- 


land. 
WILLIAMS, SANDERS A., The S. A. Williams 


Co., 1012-16 W. Lexington St., Baltimore 
23, Maryland. 
WRIGHT, HOWARD P., Baltimore & Ohio 
R.R., B & O Bidg., Baltimore & &. 


Charles, Baltimore 1, Maryland. 


MASSACHUSETTS 


PIERCE, EDGAR M., The Pierce Consulting 
Engineering Co., 683 Atlantic Ave., Boston 
11, Massachusetts. 


MICHIGAN 
McWETHY, GILBERT A., The Upjohn Co, 


301 Henrietta St., Kalamazoo, Michigan. 
MISSISSIPPI 
DeKAY, CHARLES R., Mississippi Power & 


Light Co., c/o Central Div. 
Dept., Commerce St., Jackson, Mississipp!. 
HAYNES, HAROLD J., The California Co, 
Box 360, Natchez, Mississippi. ’ 
PERRETT, WILLIAM R., Waterways Experi- 


ment Station, P. O. Box 631, Vicksburg, 
Mississippi. 

MISSOURI 

ALLEN, WILLIAM W., JR., Owens-Corning 

Fiberglas Corp., 2005 Continental Bldg.. 


St. Louis 8, Missouri. : : 
DENNIS, SIDNEY, Dennis Chemical 

Papin St., St. Louis, Missouri. ; 
FUNCK, DONALD E., 300 East Armour Blvd. 

Kansas City, Missouri. 
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HART, STANLEY W., The Glidden Co. 106 
Gratiot St., St. Louis, Missouri. bh 
LEBRECHT, G. FRANK, Annheuser- Busch, 
Inc., 721 Pestalozzi, St. Louis, Missouri. 
SHANAHAN, J. P., Shanahan Construction 
Co. & Associates, 5512 Natura! Bridge, 
St. Louis, Missouri. 
NEW JERSEY 
SCHROTH, CHARLES R., H._N. Ric! ards S* 
411 White Horse Pike, Haddon Heights, 


New Jersey. 


NEW YORK 
B., Stauffer Chemical 


0 


CECCON, J. 
Chauncey, New York. 24 

EARL, ROBERT, JR., Earl Paint Corp. * 
Genesee St., Utica, New York. me 

HIERS, GEORGE O., National Lead COs 1 
search Lab., 105 York St., Brooklyn 
New York. 
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MASSING, ROBERT W., The Pure 
Cok tation Co., 35 EB. Wacker Drive, Chicago 1, q 
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‘ RICHARD H., 44 Gramercy Park, 
New York 10, New York. 

r >HILIP A., Gama Industries, Inc., 
MEYER Te St., New York, New York. 

BERG, JOSEPH E., Hooker Electro- 

a Co. P. O. Box 344, Niagara 

Falls, New York, New York. 
VALK, CHRISTY J., Lead Indus- 


VANDER Lexington Ave., New 


ies Ass’n., 

York 17, New York. 
y cER, H. E., Ford, Bacon & Dav s, 
warrants 3roadway, New York 6, New 

York. 


OHIO 
Cincinnati Chemical Works, 


‘RANE, JAMES, 
CRANE, Evanston Station, Cincin- 


Inc., Box 20, 
nati 7, Ohio. ‘ 
STEIN, HENRY H., Sugar & Chemical 
Inc., 7829 Euclid Ave., Cleve- 
land 3, Ohio. 
RAYMOND J., 
,ima, 


340 W. Robb 


Ave., Ohio. 
LOCKE, GILES, Republic Steel Corp., Youngs- 
town, Unio. 


JCKEMAN, GEORGE F., The Procter & 
cCo., Engineering Div., M. A. & R. 
Bldg., !vorydale, Cincinnati 17, Ohio. 
SHOBE, ©. F., The Glidden Co. 11001 Madi- 

Ave., Cleveland, Ohio, 

TAUGHAN, UEWIS H., Babcock-Wilcox Res. 

cai Dev -risburg & Sawburg Rds., Alli- 
ance, Onto. 

WRIGHT, ARMOUR D., JR., Industrial Roof- 


ing & Sheet Metal, Inc., 4815 Lexington, 
Ave., Cleveland, Ohio. 
OKLAHOMA 

CAMPBELL, J. G., Deep Rock Oil Corpora- 
tion, 1005 Atlas Life Bldg., Tulsa, Okla- 
homa. 

MENAUL, PAUL, 1308 South Marion S&t., 
Tulsa, Okla. 

NICKELL, J. F., Supt. of Pipe Lines, Wilcox 
Oil Co., Box 1440, Tulsa, Oklahoma. 

SAGE, JOHN F., Sinclair Oil & Gas Co., Box 
521, Tulsa, Oklahoma. 

VAN VALKENBURG, JACK, Cathodic Serv- 
icing Co., 1024 North Olie, Oklahoma City, 
Oklahoma. 


PENNSYLVANIA 
BRICH, JOI!N G., Koppers Co., Inc., Flannery 


Bldg., Forbes St., Pittsburgh 13, Pennsyl- 
vania. 

BRUNO, CHARLES A., American Viscose 
Corp., Mareus Hook, Pennsylvania. 


CURRENT, F. LEE, Oil Well Supply Co., Oil 
City, Pennsylvania. 

HAAS, NIELDS B., Beaver Grade Rd., R. D. 
+ 


#1, Box 235 Corapolis, Pennsylvania. 
WALTON, CHARLES J., Aluminum Co. of 
America, Aluminum Research  Labora- 


tories, New Kensington, Pennsylvania. 

WOODARD, A. S., Pennsylvania Salt Manu- 
facturing Co., 1000 Widener Bldg., Phila- 
delphia 7, Pennsylvania. 


TEXAS 
CRAIG, JAMES H., 3105 Pickwick Lane, 
Houston, Texas. 
HUDDLESTON, CHARLES E., JR., Socony 


Paint Products Co., P. O. Box 2848, Beau- 
mont, Texas, 

KEETON, T. E., Central Power & Light Co., 
120 N. Chaparral, Corpus Christi, Texas. 

OXFORD, W. F., JR., Sun Oil Co., P. O. Box 
2831, Beaumont, Texas. 

PETTY, RALPH G., Sinclair Refining Co., 
Pipe Line Dept., Box 711, Mexia, Texas. 

PORTER, FRED B., Southwestern Labora- 
tories, Box 1379, Fort Worth 1, Texas. 

POTTS, JOHN, Chemical Engineering Co., P. 
O. Box 1076, Dallas 1, Texas. 

SCHMIDT, R. W., Ethyl-Dow Chemical Co., 
Freeport, Texas. 

WILEY, LLOYD R., JR., Republic Natural 


Texas, 


UTAH 
McENTIRE, ELDON T., Salt Lake City Corp., 
Water Dept., 114 City and County Bldg., 
Salt Lake City, Utah. 


VIRGINIA 
COOK, GEORGE &,, 2869 S. Buchanan S&t., 
Arlington, Virginia, . 
FOREIGN 
CANADA 


EVANS, DAVID H., The British American Oil 


Royal Bank Bldg., King 
onge Toronto, Ontario, Canada. 

VENEZUELA 

} CCAMMON, G. A., Attn Technical Library, 
Greole Petroleum Corp., Apartado 889, 
aracas, Venezuela, S. A. 


CHANGES ADDRESS 


(Old Address Follows New Address in Parenthesis) 


CALIFORNIA 

BRADY, MERRITT H., Electrolysis Dept., 
Pacific Gas & Electric Co., 4245 Hollis St., 
Emeryville, California (4245 Hollis St., 
Emeryville, California). 

McCASLIN, KENNETH M., Amercoat Corp., 
4809 Firestone Blvd., South Gate, Cali- 
fornia (Amercoat Divn. American Pipe 
& Const. Co., 4809 Firestone Blvd., South 
Gate, California). 

MUNGER, C. G., Amercoat Corp., 4809 Fire- 
stone Blvda., South Gate California 
(Amercoat Div. American Pipe & Constr. 


Co., 4809 Firestone Blvd., South Gate, 
California). 

RICHARDSON, JOHN I., Amercoat Corp., 
4809 Firestone Blvd., South Gate, Cali- 


fornia (Amercoat Div. American Pipe & 


Const. Co., 4809 Firestone Blvd., South 
Gate, California). 
WELLS, C. KENYON, Long Beach Water 


Dept., 403 Municipal Utilities Bldg., 215 
W. Broadway, Long Beach 6, California 
(Long Beach Water Dept., 409 Municipal 
Utilities Bldg., 215 W. Broadway, Long 
Beach 2, California). 


LOUISIANA 
PULLEN, P. T., 2304 Creswell, Shreveport, 
Louisiana (2624 Lakeshore Dr., Shreve- 
port, Louisiana). 


MARYLAND 
CALLAHAN, V. L., Mathieson Chemical Corp., 
Mathieson Bldg., Baltimore 3, Maryland 
(Southern Acid & Sulphur Co., Inc., Box 
991, Little Rock, Arkansas). 


MICHIGAN 

ALTENBURGER, C. L., 741 Denwood S&t., 
Dearborn, Michigan (Great Lakes Steel 
Corp., 741 Denwood St., Dearborn, Michi- 
gaa). 

FELLiiR, EUGENE W. F., Maujer Publishing 
Co., 420 Main St., St. Joseph, Michigan 
(McGraw-Hill Publishing Co., 330 West 
42ud St., New York, New York). 


MISSOURI 
KRUS#“YNSKI, EDWARD A., 5001 Oleatha, 
Apt. 3, St. Louis 9, Missouri (Carter Car- 
busetor Corp., 2840 N. Spring Ave., St. 


Louis 7, Missouri). 
MEYER, WALTER, Nooter Corp., 1400 S. 
Louis 4, Missouri (John 


Sevond St., St. 
Nooter Boiler Works Co., 1400 S. Second 


St., St. Louis 4, Missouri). 

MITCHELL, JEFFERSON W., 704 West 46th 
St., Kansas City, Missouri (The National 
Co-operative Refinery Ass’n., McPherson, 
Kansas) 


NEBRASKA 
OLSON, THEODORE W., Box 486, Beatrice, 
Nebraska (R. F. D. 4, Genesco, Illinois). 


NEW JERSEY 
BAGNELL, WILLIAM E., Demarest, New Jer- 
sey (Ebasco Services, Inc., 2 Rector St., 
New York 6, New York). 
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BENEDICT, RISQUE L., c/o Shedaker, Bever- 


ly Rd., Burlington, New Jersey (A. V. 
Smith & Co., 370 Trevor Lane, Bala- 


Cynwyd, Pennsylvania). 

LACHMUND, D. O., Amercoat Corp., 29 New 
York Ave., Newark 5, New Jersey (Amer- 
coat Division, American Pipe & Construc- 
tion Co., 29 New York Ave., Newark, 
New Jersey). 

WEST, C. H., Standard Oil Development Co., 
Esso Engineering Dept., P. O. Box 121, 
Linden, New Jersey (Standard Oil Devel- 
opment Co., Esso Engineering Dept., Box 
37, Elizabeth B., New Jersey). 


NEW MEXICO 


RUSSELL, JOHN C., 3272 47th St., Sandia 
Base, Albuquerque, New Mexico (410 
South Princeton, Albuquerque, New Mex- 
ico). 


NEW YORK 
COLLINS, HARRY S., Metallizing Engineering 
Co., Ine., 3814 30th St., Long Island City, 
New York (Collins, Harry, Metallizing En- 


gineering Co., Inc., 1500 Walnut St., 
Philadelphia 2, Pennsylvania). 
OHIO 


BABIN, JOHN, 1121 E, 260th St., Cleveland 
17, Ohio (Chase Brass & Copper Co., P. O. 
Box 2136, Terminal Annex, Los Angeles 
54, California). 


OKLAHOMA 

BALL, JAMES F., Ball Distributing & Engi- 
neering Co., 1444 E. 3rd St., Tulsa, Okla- 
homa (Ball Distributing & Engineering 
Co., 1004 East 34th St., Tulsa, Oklahoma). 

BELSON, MAURICE W., 3956 Richmond, 
Shreveport 71, Louisiana (D. E. Stearns, 
3956 Richmond, Shreveport 71, Louisiana). 

COATS, SANFORD C., Tnemec Co., Inc., 1244 
Stator Dr., Oklahoma City, Oklahoma 
(Tnemec Co., Ine., 3122 Roanoke Rd., 
Kansas City, Missouri). 

EVANS, DWIGHT J., Engineering Test Serv- 
ice, 2112 East 15th St., Tulsa, Oklahoma 
(Branson Instruments, Inc., 4101 San Ja- 
cinto St., Houston 4, Texas). 


PENNSYLVANIA 

BAKER, HAROLD R., JR., 501 W. Hortter St., 
Apt. D-5, Philadelphia 19, Pennsylvania 
(Keystone Pipe Line Co., 501 W. Hortter 
St., Apt. D-5, Philadelphia 19, Pennsyl- 
vania). 

LEMAY, JACK E., 4628 E. Willock Rd., Pitts- 
burgh 27, Pennsylvania (National Carbon 
Co., 1715 Clark Bldg., Pittsburgh 22, 
Pennsylvania). 

PALMER, JAMES G., 16 Vine St., Sharon 
Pennsylvania (P. O. Box 6024, Houston 6, 
Texas). 

STROMQUIST, RUSSELL C., Koppers Co., 
Inc., Koppers Bldg., Pittsburgh 19, Penn- 
Sylvania (Koppers Co., Inc., 4th Floor 
Chamber of Commerce Bldg., Pittsburgh 
19, Pennsylvania). 


TEXAS 


DAVIS, BILLY H., 1212 Smallwood Ave., 
Houston 12, Texas (Texas A. & M., P. O. 
30x 1963, College Station, Texas). 
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TANK BRIDGE CO. 


3523 Lamar Ave.—P. Box 14, MEMPHIS TENNESSEE 


Complete Service for Elevated 


Water Tanks— 
NATION WIDE SERVICE— 
Years Experience 


KEEP THE SAFETY FACTOR 
YOUR TANK THE DIXIE WAY 


welding seams, pits and rivets which gives riveted tank 


15% more Safety Factor than had when rivets 


the Silent Watchman 


removed, water supply maintained while work progress. 


completely re-conditioned jobs, the painting guaranteed for five years, repairs guaranteed 
for ten years, provided the tank painted every five years, Yearly inspection, making all ad- 


justments, any, without additional cost. 


Write for Free Copy Publication 
SOUND PRINCIPLES and TANK TALK 
y W. A, Riley 
NATION WIDE SERVICE SATISFIES 
Copyright 1949 
THE LARGEST ORGANIZATION ITS KIND GIVING SAFE MAINTENANCE LOW COST 


Indiana, 
Indian. 


Write 
Dept. C for 
bulletin. 


NACE NEWS 


New NACE Corporate Members 


New corporate members added 
interval April 15—May 15, 1950 the 
National Association Corrosion 


neers: 

DEEP ROCK CORP. 
Atlas Life Building, 
Tulsa, Okla. 

Campbell, 

Representative 
CHASE BRASS 

COPPER CO., INC. 

236 Grand 
Waterbury 91, Conn. 

William Weir, 

Representative 


FORD, BACON DAVIS, INC. 


Broadway, 
Whitaker, 
Representative 
GAMA INDUSTRIES, INC., 
Pine Street, 
New York, 
Philip Meyer, 
Representative 
THE KELLOGG CO. 
225 Broadway 
Hoyt, 
Representative 
THE KENDALL COMPANY 
Bauer Black Division, 
Polyken Industrial Tape Dept., 
222 Adams, 
Chicago Ill. 
Miller, 


Representative 


MICHIGAN-WISCONSIN 
PIPE LINE CO., 
Detroit, Mich., 
Anthony Cramer, 
Representative 


MINNESOTA MINING 
MANUFACTURING 
COMPANY 

411 Piquette Ave., 

Detroit Mich. 

Mahler, 


Representative 


REPUBLIC STEEL CORP., 
335 Market St., 
Youngstown, Ohio 

Giles Locke, 


Representative 


SALT LAKE PIPE LINE CO. 

8th West Beck St., 

Salt Lake City, Utah 
Charles Baxter, 
Representative 


SHANAHAN CONSTRUCTION 
CO. AND ASSOCIATES 
5512 Natural Bridge, 
St. Louis, Mo. 
Shanahan, 


Representative 


STAUFFER CHEMICAL 
COMPANY 

420 Lexington Ave., 

New York 17, 


Ceccon, 
Representative 


means... 


Low Cost 
Low Maintenance 
Year ‘round 


CONTROL CORPORATION’S CATHODIC PROTECTION RECTIFIER assures all- 
weather cathodic corrosion prevention for storage and distribution installations 
buried in soil, submerged in liquid or above ground. 

Application designed to give lower cost cathodic protection for a longer time, 
the Control type Rectifier means fewer man-hours for installation, fewer 


man-hours for inspection and adjustment and fewer man-hours for maintenance. 


End result: lower cost protection the Control way, 


717 CENTRAL MINNEAPOLIS 14, MINN. 


Super-Trol Peak-Trol Telemetering Battery Chargers Carrier Curr 


Vol. 


Changes 


ELKINS, RANDELL L., Shell Oil co B 
1509, Midland, Texas (Shell Oil 
Box 744, Great Bend, 
JOYCE, EDWIN, American Petroleum Ing; 
tute, 816 Rio Grande National Bldg 
las 2, Texas (American Petroleum ‘Inst, 
tute, 1205 Continental Bldg., Dallas 
Texas). : 
MEEK, J. GORDON, Metal Goods Corp,, p 9 
Box 7225, Dallas Texas 
Corp., 1923-A, Ave. Lubbock, 
NELSON, F. M., Texas Gulf Sulphur Co,, 199 
Second Bank Bldg., Houston 
Texas (Texas Gulf Sulphur Co., 1013 ge, 
ond Nat'l Bank Bldg., Houston 2, Texas, 
PFREHM, RAYMOND H., Humble Pipe Eine 
Co., Box 1051, Corpus Christi, Texas 
(Humble Pipe Line Co., P. Drawer 
2220, Houston, Texas). 
PURVIS, FRANK, 1633 W. Woodlawn, San 
Antonio, Texas (215 E. Magnolia st. 
Antonio Texas). 
ROBERTS, JOHN P., Engineering Lab., Uni. 
versity of Houston, 3801 St. Bernard gt 
Houston 4, Texas (111 East 22nd gt’ 
Houston 8, Texas). + 
ROSS, GEORGE T., 4121 Ayres, Corpus 
Christi, Texas (Houston Natural Gas 
Corp., Box 1188, Houston 1, Texas), 
WHITLEY, B. J., JR., Tennessee Gas Trans. 
mission Co., P. O. Box 2511, Houston 1, 
Texas (7203 Toland, Dallas, Texas), 


San 


FOREIGN 

CANADA 
BAKER, J. HYATT, Canadian Industries Ltd, 
P. O. Box 10, Montreal, Quebec, Canada 
(Canadian Industries Ltd., P. ©. Box 1) 


Montreal, Canada). 

BARNARD, KENNETH N., 74 Victoria Rd, 
Dartmouth, Nova Scotia, Canada (Nayal 
Research Estb., 74 Victoria Rd., Dart. 
mouth, Nova Scotia, Canada). 

CANAL ZONE 

MUNDT, H. W., Engineer, Mat’ls., Panama 
Canal, Box 52, Diablo Heights, Canal 
Zone (Panama Canal, Box 52, Diablo 
Heights, Canal Zone). 

The Managing Editor 
magazine always happy see photo- 
graphs considered suitable subjects 
for the covers the magazine. Address 
such photographs together with 
tive captions and release for the use 


Central Office. 


LAPEL PINS 


Approximately 7/16 inches high, 
gold, inlaid with bright red 


enamel background “NACE” 
and deep blue enamel back- 
ground words “CORROSION 


CONTROL.” Ruby center. 


For Association Members Only 


Address Orders 
Campbell, Executive Secretary 
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Rubber Lined steel, using the Vulca- 
lock process which produces bond 
strength over 500 per sq. in. 
produced for all kinds vessels used 
handle and transport corrosives 
Metalweld, Inc., 26th and Hunting Park 
Philadelphia 29, Pa. The company 
also offers other industrial maintenance 
services including Koroseal linings, 
Amercoat coatings, sand blasting (shop 
field) metallizing both corro- 
sion-resisting coating and restore 
abraded surfaces, oxy-acetylene, electric 
arc and thermite welding and construc- 
tion sales, rental and repairs. 

United Chromium, Inc. has moved its 
New York offices 100 East 42nd St., 
Zone 17. Concurrently announced 
new primer containing zinc chromate 
and based new synthetic resin. 
Called Unichrome Primer 10, the 
aluminum, Monel, tin, 
steel, stainless steel, copper and brass. 
chemical electrochemical pre- 
treatment required, the company says, 
and provides finish for application 
wide top coatings even 
hard-to-coat aluminum and magne- 
sium. The material manufactured ex- 
clusively United Chromium under 
agreement with Princeton Paint Labo- 
ratories, which developed the 
primer under the name Aviation Primer 
AP-10, Application dipping 
spraying; air dries dust-free 
minutes, may over-coated syn- 
thetics one hour, lacquer two 
hours, baking synthetic min- 
utes. The baked primer has exceptional 
resistance moisture, the company’s 
technical data sheet shows, well 
alcohols, naphthas, ketones, 
coal tar derivatives and solutions 
many metallic salts. 

e 

Anaconda Copper’s generally used al- 
loys are listed the first section the 
new Copper and Copper Alloy Specifi- 
cations Index together with applicable 
specifications and the second section 
lists numerical order 
with brief description materials cov- 
ered grade, type, temper, anneal, 
etc. The 28-page, thumb-indexed book 
the third edition the index pub- 


lished for the convenience those using 
standard specifications engineering 
Societies and government agencies. Cop- 
les are available without charge from 
American Brass Company, Waterbury 
20, Ask for Publication B-34, 
Third Edition. 


Humidity Indicator available con- 
which within printed circles approxi- 
mately diameter, there has 
been deposited pink material which 
absorbs from the The circles have 
been rated humidity percentages 
ascending scale from bottom 
top. Relative humidity red the color 
change pink and blue circles. 
the Manufacturer, Welford Blinn, 
the Humidial Co., 864 Edgehill, Colton, 


suggests the indicators may 


NACE NEWS 


used within packages where they may 
seen from the outside. Advantages 
over silica gel indicators claimed are 
that they are non-dusting, quickly re- 
versible and cover wide range (10% 
70%) humidity. They are stable 
except humidities over 90% when the 
colors run. Special production models 
can made specifications. 

Automatic Regulation and recording 
humidity possible with Weston 
Electrical Instrument Corporation de- 
vice which automatically regulates the 
wet-bulb depression for which set, 
regardless fluctuations dry-bulb 
temperature. The instrument may 
used for applications involving gas. De- 
scriptive literature from the company’s 
614 Frelinghuysen Ave., Newark J., 
office available. 

e 


Hermetic Sealing for protection 
Haydon timers from corrosives, wa- 
ter spray, oil, dust, explosive atmos- 
pheres and climatic changes possible 
with new enclousures for the company’s 
instruments. All enclosures are evacuated 
100 microns and filled one atmos- 
phere with dry nitrogen full switch 
ratings may used high altitudes 
airplanes where contact capacity nor- 
mally reduced. 

Cross-weave Reenforcement has been 
added Oklahoma Glass Fiber Corp., 
pipe wrapping fabric improve its 
strength all directions. Porosity and 
other qualities remain the same. New 
literature being prepared this de- 
velopment Middle West Coating 
Supply, Daniel Bldg., Tulsa, Okla. 

Recovery Chromic Acid, with pos- 
sible by-product recovery metals and 
metal salts, indicated potential 
source saving metal treating proc- 
esses such anodizing, copper strip- 
ping, brass pickling and chromium plat- 
ing, according Mutual Chemical Com- 
pany America, 270 Madison Ave., 
New York 16, Purification the 
solutions with oxidation-resistant ca- 
tionic exchange resins explained 
the publication “Regeneration 
Chromic Acid Solutions Cation Ex- 
change,” copies which are available 
request. 

Steel, Brass and Aluminum-alloy flared 
and flareless fittings for tubes are de- 
tailed three bulletins the Aircraft 
Fitting Co., 1400 East 30th St., Cleve- 
land 14, Ohio. The bulletins cover pipe 


and hose fittings (P-200); flared tube 
fittings (J-100); all-purpose flareless fit- 
tings (F-10). All bulletins contain illus- 
trations, specifications and prices. 

High-Styrene, copolymer rubber 
pail with handle similar material, 
designed for pouring into narrow-necked 
vessels and for tight-fitting lids being 
produced American Hard_ Rubber 
Company, Mercer St., New York 13, 
The pail has resistance long 
list corrosives and chip crack 


proof and easy clean. 


Identification pure and alloyed met- 
als through use the inherent differ- 
ences their surface films said 
possible rates 1000 per hour 
with “Electrospot,” self-powered port- 
able device manufactured Electro- 
chemical Instrument Laboratory, 532 
Woodland Ave., Mountainside, 
Identification small items accom- 
plished dipping portion the ma- 
terial electrolyte, and for large 
items pressing test probe against 
the material. Reading dial setting 
after rotation zero deflection 
millivolt meter identifies the metal. The 
device may used identify and sort 
metals any form rapidly and nonde- 
structively. 

All-weather, one-man inspection recti- 
fiers for cathodic protection installations 
offered Control Corp., Dept. 717 
Central Ave., E., Minneapolis, 14, 
Minn., include the following features: 
fast, safe 8-step voltage adjustment with- 
out shutting down unit; high inverse 
voltage protection, volts; re- 
movable bug-screen, convection cooled, 
automatic high temperature cut-out re- 
duces output half rated value during 
periods excessive heat; sustained 
meter accuracy because meters are au- 
tomatically disconnected except during 
readings; seven sizes panel fit one 
size cabinet, recording meter terminals 
unit’s circuit. 


SCOPE 


PIPE 
AND 
CABLE 


FINDER 


Type 49AB 
Supplied Metal Cased Cabinets 


$149.50 


tells you where 


and how deep 


Can used advantage 
over highly conductive ground 


FISHER 


RESEARCH LABORATORY 
INCORPORATED 


Palo Alto California 


Wide 
Sernard st, 
| 
| | | 
| 
| 
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TESTING 


Instrumentation 


2.4 

Testing Materials Ultrasonic Vis- 
ual Methods. Pohlmann. Tecknik, 
No. 11, 465-470 (1948). 

universal ultrasonic visual equip- 
ment for testing small work-pieces (spot 
welds) well big sheets, and its ap- 
plication testing under water, are de- 
scribed. The field vision can 
much 19-1/16 in. The pictures 
obtained penetration are better than 
those reflection. Flaws materials 
are more exactly indicated than 
X-ray testing, especially the faults, 
cracks, laminations lie parallel the 
direction the beams. Flaws 0.018 in. 
dia. and in. thickness can 


2.4 

Metallurgical Inspection Castings. 
Senz. Foundry, 77, No. 
(1949). 

reviews destructive and non-de- 
structive methods inspecting castings. 
The former group 
tests, chemical analysis, and the deter- 
mination mechanical properties from 
specimens taken from the castings, and 
microscopical examination. Non-destruc- 
tive methods discussed include chemical 
analysis and the tensile testing sepa- 
rately cast specimens, fluoroscopic crack 
detection, radiography, and 


Abstracts 


CORROSION 
ENVIRONMENTS 


Chemicals Inorganic 


4.3, 7.2, 6.1, 6.2, 8.8 

Heavy Chemicals England and 
Wales: Alkali Inspector’s Report for 
1948. Chem. Trade J., 125, 211-213 (1949) 
Aug. 

Reference made acute corrosion 
sulphate ammonia plants, particu- 
larly portions following evaporation 
and concentrated liquor plants. Am- 
moniacal liquor produced the newer 
and more intensively worked coke ovens 
appears have more corrosive proper- 
ties than that from coke ovens operated 
comparatively low temperatures. 
Stainless steel has been tried place 
cast iron for vapor and condenser 
pipes but with disappointing results. 
Trials aluminum alloys are also being 
made. This corrosion problem acute, 
and would seem that more research 
should directed finding satisfac- 
tory resistant material—INCO. 


4.3, 7.4, 7.6, 8.8 

Corrosion. Fontana. and 
Eng. Chem., 40, No. 11, 87A-88A (1948) 
Nov. 

Description corrosion problems fre- 
quently encountered contact sulfuric 
acid plant equipment includes contact 
plant equipment, blowers, heat exchang- 
ers and absorbers and 


4.3, 4.1, 1.8 
Processes Drop Corrosion Alum- 

inum. Corrosion Aluminum Con- 

tact with Droplets Solution Salt 


Without Additions Free Acid. 
Krotov and Khachadurova. Bulle. 
tin the Academy Sciences the 
USSR, Section Chemical Sciences 
(Russia) 1949, 18-26, Feb. 

Investigated using copper and 
salts. The characteristic role the oxy. 
gen the air relation these 
esses discussed. results 
from the thermodynamic point 
are 


4.3, 6.1, 6.2 


Lesser. Soap Sanit. Chemicals, 25, 
119+ (1949) Aug. 

Chlorine sanitizers not glass, 
stainless steel, most non-metallic ma- 
terials, but they have tendency cor- 
rode tinned iron, copper, nickel and 
other metals. Chlorine sanitizers are po- 
tent bleaching 


4.3, 6.2 


Corrosion Powdered Copper. 
Zh. Khim., 22, No. 592-599 
(1949) June. 

Experiments using commercial powder 
(99.56% copper) indicate there rela- 
tively little corrosion moist air 
dry SO: NHs; rapid attack 
curs with moist gases. With hydrogen 
chloride, however, the corrosion ini- 
tially much greater the dry gas; 
explanation for the anomaly proposed, 
Measurement corrosion the pres- 
ence dry and moist ammonium chlo- 
ride and ammonium carbonate are also 
reported; considerable attack was caused 
the latter 


4.3, 3.4, 6.1, 6.2 


Fluorine Progress. Porter. 


PRIMARY SOURCES ABSTRACTS PUBLISHED CORROSION 


AER—Aeronautical Engineering Review, Institute 
of Aeronautical Sciences, Inc. 2 East 64th 
St., New York 21, N. Y. 

ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. O, Box 84, Kingston, Onatrio, 
Canada. 

American Water Works Associ- 
ation. Amer. Water Works Assoc., 500 5th 
Ave., New York 18, N. Y. 

BLR—Battelle Library Review, Battelle Memorial 
Institute Library. 505 King Ave., Columbus, 


Ohio. 

BNF—Bulletin; British Non-Ferrous Metals Re- 
search Association, 81-91 Euston St., London 
NW 1, England. 

Chemical Division, American Cy- 
anamid Corp. Bound Brook, New Jersey. 
CE—Chemical Engineering, McGraw Hill Publish- 

ing Co. 330 W. 42nd St., New York 18, N. Y. 

CEC—Consolidated Edison Co. of New York, Inc. 
4 Irving Place, New York 3, New York. 

EW—Electrical World, McGraw-Hill Publishing 
Co. 330 W. 42nd St., New York 18, N. Y. 

GPC—General Petroleum Corp. California, 2525 
East 37th St., Los Angeles 11, Calif, 

International Nickel Co., Inc. Wall 
Street, New York 5, New York. 

London W#1, England. 

MA—Metallurgical Abstracts, Institute of Metals, 
London, England. 4 Grosvenor Gardens, Lon- 
don SW 1, England. 

ME—Marine Engineering, The Institute of Marine 
Engineers, 85/88 The Minories, London 
3, England. 


MR—Metals Review, American Society Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, 

NBS—National Bureau Standards. Supt. Doc- 
uments, Printing Office, Wash- 
ington 

PDA—Prevention Deterioration Abstracts. No- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D. C. 

RA—Refrigeration Abstracts, American Society 
Refrigeration Engineers. West 40th 
New York 18, N. Y. : 

RM—Revue Metallurgie, Paris, France. Cite 
Pigalle, Paris (9e), France. 

Current Literature Relating the 
Paint, Colour, Varnish and Allied Industries, 
Research Association British Paint, Colour 
Varnish Manufacturers, London. Walde- 
grave Rd., Teddington, Middlesex. 

TDD—Technical Data Digest, Air Material Com- 
mand—Technical Service Section, Central 
Air Documents Office, Wright-Patterson Air 
Force Base, Dayton, 

TIME—Transactions Institute Marine Engi- 
neers. The Minories, London England. 

UOP—Universal Oil Products, 310 South Michigan 
Ave., Chicago, 

ZDA—Zinc Development Association. 
House, Street, Oxford, England. 

Code—Current Technical Literature, Bell Tele- 


phone 463 West Street, New 
York 14, New York, 
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Chem. Eng., 55, No. 102-105 (1948) 
discussion the research and 
development flourine, mention made 
low carbon steel, copper, magnesium, 
nickel and monel metals that are not 
corroded moderate temperatures. 
With these metals adherent fluoride 
film gives necessary protection base 


NCO. 


4.3, 5.3, 6.2 
Staff-Industry Collaborative Report 


—Modern Production Chlorine and 
Caustic Soda. Shearon, Jr., with 
Chrencik and Dickinson, Dia- 
mond Alkali Co. Ind. Eng. Chem., 40, 
No. 11, 2002-2010 (1948) Nov. 

Discussion raw materials, chlorine 
production, caustic preparation, hydro- 
gen chloride, filling and storage systems, 
and instrumentation and safety. Among 
materials chosen best compromise 
basis corrosion resistance and cost 
nickel-clad equipment for handling hot 


caustic. For storage purposes, nickel- 
lined tanks are used for 73% caustic.— 
INCO. 


Chemicals Organic 


Action Aluminum Ethyl Bro- 
mide. Pospekhov and Ata- 
manenko. General Chemistry, 18, No. 
1319-1321 (1948) July. (Guide Rus- 
sian Scientific Periodical Literature), 


4.4, 5.4 
Abrasion and Acid Resistance Por- 


what 


UNDERGROUND PIPE 


CTURING 


CORROSION ABSTRACTS 


celain Enamels. Product Eng., 40, No. 
126 (1949) Aug. 

Effects acid pretreatment porce- 
lain enamels acid resistance and abra- 
sion resistance treated specimens 
showed that treatment with acetic acid 
inhibited further attack citric acid. 
This explained hypothesis that 
acetic acid and butyric acids preferen- 
tially leach alkalies from enamels sur- 
face, leaving behind silica-rich film 
that resistant further solution even 
citric stronger acids. Effect abra- 
sion was sufficient reduce rating 
some enamels from good Class 
standard test poor Class same 
test modified include abrasion treat- 
ment. Results suggest that titanium-type 
enamels are sensitive these effects 
and that routine inspection tests should 
made regular production assure 
that composition and processing 
enamels are maintained optimum con- 


Soil 


4.5, 5.4, 5.2 

Gas Stored High Pressure Un- 
derground Pipe Sections. Meiller, 
Public Service Co. Heat., Piping Air 
Cond., 20, No. 93-97 (1948) May. 

Reasons for and methods utilizing 
high pressure storage natural gas 
pipe sections buried underground, stor- 
age consisting lengths (about ft.) 
in. OD, seamless, high carbon al- 
loy steel pipe. Pipes were coated with 
Bitumastic and wrapped with asbestos 
felt for corrosion protection. Magnesium 


anodes were installed for cathodic pro-. 


assurance 
uniformity 


Pipe Wrap. 


Available 400, 
800, 1,000 and 
1,200 foot 


tection, replaced periodically. Gas 
graphs and pipe diagrams are shown.— 


INCO 


PREVENTIVE MEASURES 


General 


The Protection (Architectural) Met- 
als Against Corrosion. Hoar. 
Royal Inst. Brit. Arch., Third Series 56, 
No. 276-281 (1949) April. 

paper the Architectural Science 
Board, RIBA. discussion simple 
terms corrosion and protection 


Cathodic Protection 


Cathodic Protection: Symposium. 
Electrochemical Society and National 
Association Corrosion Engineers. 
Book, 1949, 203 pp. National Association 
Corrosion Engineers, 905 Southern 
Standard Building, Houston Texas, 
$8. ($6 members either Society.) 

this joint symposium between the 
above American societies, held De- 
cember, 1947, twenty-three papers were 
read, reviewing basic principles cath- 
odic protection and its application 
corrosion control. The papers (here 
printed with discussions) were fol- 
lows: Brown and English, 
“Electrochemical Principles Cathodic 
Protection (pp. 7-11); Miller, 
“Characteristics and Field Use Elec- 


UNDERGROUND PIPE WRAP 


From scientifically standardized batches come inorganic Vitron 
Glass Fibers tested durability—as ageless crystal glassware. 
The sink-float test illustrated one series laboratory checks 
maintain controlled glass composition all Vitron Underground 


Have you tried high strength Vitron Underground Pipe Wrap? 
Let furnish you with material for application and performance 
tests. Write for samples and descriptive Bulletin V-69. 


GROUND PIPE 


GLASS FIBERS inc. 
WATERVILLE, OHIO 
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trical Instruments for Corrosion Investi- 
gations and Cathodic Protection” (pp. 
12-33); Fugassi, “Characteristics 
Half-Cells Used Reference Elec- 
trodes” (pp. 34-36); Mears and 
Bialosky, “Laboratory Methods 
for Determining the Current Density 
Required for Cathodic Protection (pp. 
37-46); Peifer. “Current Required 
for Cathodic Protection” (pp. 47-53); 
Fry, “Detection, Measurement and 
Mitigation Stray-Current Electrolysis” 
(pp. 54-56); Sheppard, “Detection 
and Measurement Currents Other 
Than Stray Currents, including Magnetic 
Earth Currents” (pp. 57-65); Nel- 
son, “Coordination Cathodic Protec- 
tive Installations Avoid Interference 
with Adjacent Structures” (pp. 66-72); 
External Source Protective Cur- 
rents” (pp. 73-76); Jacobs, “Use 
Wind-Driven Generators Exter- 
nal Source Protective Currents” (pp. 
77-79); Good, “Economic Factors 
Bearing Application Cathodic Pro- 
tection” (pp. 80-87); Holsteyn, 
tions and Materials for Anodes for Im- 
pressed Current” (pp. 88-92); Ol- 
son and Evans, “Relative Merits 
Various Cathodic Protection Current 
Sources” (pp. 93-96); Anderson, 
“Physical and Chemical Characteristics 
Zinc Anodes” (pp. 97-100); 
Verink, Reid and Diggins, 
“Current Output Light Metal Gal- 
vanic Anodes Function Soil Re- 
sistivity” (pp. 101-103); Robinson, 
“Fundamental Characteristics Mag- 
nesium Galvanic Anodes” (pp. 104-113); 
“Practical Use Galvanic Anodes” (pp. 
114-143); Denison and Roman- 
off, “Behavior Experimental Zinc- 
Iron Couples Underground” (pp. 144- 
Schuldiner, “Anodic Behavior Zinc 
and Alloys Sea Wa- 
ter” (pp. 158-171); Gorman, “Cor- 
rosion and Protection Underground 
Power Cables” (pp. 172-184); Le- 
Febvre and Sudrabin, “Effect 
Environment Characteristics Cath- 
odic System Design” (pp. 185-188); 
Corfield, “Relations between Protective 
Coatings and Cathodic Protection” (pp. 
Waber, “Cathodic Protection the Con- 
trol Stress Corrosion Cracking” (pp. 
192-203).—BNF. 


5.2, 4.6, 4.5, 8.3 

Special Anodes for the Cathodic Pro- 
tection Water Tanks. Kimmel. 
Corrosion, No. 217-220 (1949) July. 

Recent experimental work undertaken 
the author and others the field 
water tank protection indicates that 
anodes constructed contain source 
magnesium ions can used pro- 
vide very efficient cathodic protection 
fresh water systems. Protective films 
magnesium hydroxide are formed 
rapidly the cathode low current 
densities, and current flow maintains the 
oxide film the surface pro- 
tected. The experimental procedure was 
follows: cathode coatings were formed 
the current density necessary pro- 
tect iron under the prevailing conditions 
—this value being obtained Britton 
curve for the city tap water Gains- 
ville, Florida—and was assumed that 
drop cathode potential volt 
would sufficient; after oxide film 
formation, the cathode current was de- 
creased lower values and observa- 
tions over period three months de- 


Abstract Section 
Style Outlined 


For ease in locating reference data, 
uses uniform style its 
Abstract Section. 


The abstracts first are broken down 
into major classifications of the more 
common types of corrosion literature. 
In each review the title of the article 
is presented in bold face type, followed 
by the author’s name. The publication 
from which the article was abstracted is 
printed italics and abbreviated 
most instances. Following this, in se- 
quence, are the volume (bold face), 
number in the volume, pages, year and 
month of publication. In some instances 
second reference will listed the 
same manner. This indicates that the 
article also was published or abstracted 
another publication. brief sum- 
mary the article follows the above 
information and concluded with 
abbreviation indicating the source 
of the abstract and contributor. The 
meanings of these abbreviations usually 
are listed the first page the 
Abstract Section. 


When seeking more detailed data 
about an abstract, best source of infor- 
mation is the publication in which the 
article appeared originally. (Listed 
italics in the heading.) The contributor 
of the abstract also may be able to sup- 
ply additional information. Addresses 
of most of these rublications may be 
found the reference section most 
public libraries. 


termined the extent protection ob- 
tained. Results the experiments car- 
ried out this procedure are tabulated. 
Graphs, photographs, and six references 
are 


5.2, 4.6 


Anodic Behavior Zinc and Alumi- 
May, Gordon and Schuldiner. 
Cathodic Protection Symposium (Elec- 
trochemical Society and National Asso- 


ciation Corrosion Engineers), 1947 
(published 1949), pp. 158-171. 


Investigation the behavior var- 
ious grades zinc and aluminum and 
alloys containing alumi- 
num from upwards for cathodic pro- 
tection steel sea-water. Informa- 
tion given the nature the corro- 


sion products found the zinc anodes. 
—BNF. 


5.2, 3.5 

Cathodic Protection the Control 
Stress Corrosion Cracking. Mc- 
Donald and Waber. Cathodic Pro- 
tection Symposium (Electrochemical So- 
ciety and National Association Corro- 
sion Engineers), 1947 (published 1949), 
pp. 192-203. 


The mechanism cathodic protection 
applies stress corrosion re- 
viewed. number instances pre- 
vention cracking cathodic protec- 
tion are 


5.2 

General Aspects Cathodic Protec- 
tion Application and Installation Pipe 
Lines. McLeod. Amer. Gas J., 170, 
No. 34-35 (1949). 

Describes two techniques, the use 
anodes magnesium zinc, and the 
application electric current from 
external source, order protect gas 
pipe lines from 


The Mechanism Cathodic Protec- 
tion. Mears. Metaux Corrosion, 
23, Nos. 271-272, 50-56 (1948) Mar.-Apr. 


CORROSION ENGINEERS 


Vol. 


general article the subject Cathodic 
protection, giving the theory and the 
progress the study and various 


5.2 

Fundamental Characteristics Mag. 
nesium Galvanic Anodes. Robin. 
son. Cathodic Protection Symposium 
(Electrochemical Society and 
Association Corrosion Engineers) 
1947 (published 1949), pp. 

full account the factors affecting 
the behavior magnesium anodes 
for cathodic 


5.2, 4.6 

Principles Cathodic Protection De. 
sign (Use Aluminum, Magnesium 
Zinc Anodes). Sudrabin and 
MacDonald. the AWWA, 40, 
489-494 (1948). 

The use aluminum and magnesium 
for galvanic anodes discussed —ALL, 


5.2 


Practical Use Galvanic Anodes, 
Cathodic Protection Symposium 
trochemical Society and National Asso- 
ciation Corrosion Engineers), 1947 
(published 1949), pp. 114-143. 

Discusses the use zinc, magnesium 


5.2 


First Steps Installing Cathodic Pro. 
tection. AGA Monthly, 31, No. 
(1949) Apr. 

Importance, cost, and advisability 
installing cathodic protection 
Preliminary steps necessary for its ap- 
plication gas distribution system 
are 


5.2 


How Select Materials for Cathodic 
Protection Against Corrosion. 
Bagger. Mat. Meth., 30, No. 47-49 
(1949) July. 

Intelligent use and selection gal- 
vanic anodes, waster plugs greatly 
reduces electrolytic corrosion many 
types equipment, therefore reasons 
for selection magnesium, 
steel iron are 


5.2 


The Environment Relation Cath- 
odic Protection Underground Pipes. 
Indus. Fin. (Lond.), 1949, 502-503, Mar. 

Presented the American Gas Asso- 
ciation 1948 Joint Production and Chem- 
ical Committee 


5.2 


Cathodic Protection Stee! Vari- 
ous Chemical Solutions Using Magne- 
sium, Zinc and Zinc-Lithium Anodes. 
Bureau Mines. Paper before 
Inst. Mining Met., Ann. Gen. 
Quebec, Apr., Trans. Can. 
Mining Met., 52, 107-110 (1949). 
Mining Met. Bull., 42, No. 445, 
(1949) May. 


Investigation obtain the value 
pure magnesium and pure zinc anodes 
for the cathodic protection steel 
acid, neutral, and alkaline 
different sodium salts. Results give the 
average anode corrosion rates and the 
degree protection the cath- 
odes. The zinc-lithium alloy anode was 
found superior pure magnesium 
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pure zinc certain low salt solu- 


tions. Accompanying pho 
corrosion inside steel 


Metallic Coatings 
Corrosion Tests Hard Chromium 
Deposits. (In German.) Walter 
der, Heinrich Arend, and Franz Sadra- 
32-35 (1949) Feb. 
Shows that hard 
caused its being passi- 
vated air. Investigates the 
surface condition, heat treating, nitrite, 
paraffin, and phosphate baths (both be- 
fore and after the chromium-plating op- 
eration) the corrosive properties 
chromium. Data are 


5.3 
Metals. Korrosionsuntersuchungen 


Hartchromschichten (Corrosion Investi- 
gations Hard Chromium Layers). 
Arend. and Franz Sadrazil. 
Frames 8467-8471). 


Report from the Institut fur Eisen- 
der Technischen Hochschule, 
Aachen, Ger. 

The corrosion stability hard-chrome 
coatings iron and steel due 
passivation air, causing the coated 


metal behave like noble metal. Ef- 
fective chromium coatings must dense, 
nonporous. The thickness required, 
usually mm, depends the 
corrosive medium, sea water re- 
quires thicker coating than air. 

Corrosion resistance can influenced 
controlling the conditions coating 
deposition produce finely grained, 
continuous, homogeneous films. very 
smooth surface, which can obtained 
anodically polishing the base metal, 
increases the resistance the chromium 
coating diminishes the thickness other- 
wise required. Heat treatment, the 
other hand, impairs the corrosion be- 
havior, probably widening the craz- 
ing network the coating. 

Corrosion resistance sea water 
phosphating the metal 
either before after the chromate coat- 
ing applied, but not affected 
treating the finish nitrate paraf- 
fin bath. 


5.3 


Lead Coatings Steel. Bray. 
Metals Handbook, ASM, 1948, 706-707. 

Methods hot dipping molten lead 
and various alloys are described. The 
advantages and disadvantages lead 
compared with and tin coatings are 
briefly 


5.3 


_Electroplated Metal Coatings. Wil- 
liam Blum. Metals Handbook, ASM, 1948, 
716-720, 

discusses the selection, testing, and 
applications plated coatings and gives 
typical bath compositions and conditions 
for depositing the common metals. 
are given.—MA, 


5.3 


Nickel- and Nickel-Alloy-Clad Steels. 
Metals ASM, 1948, 547-548. 
_The properties, treatment, and joining 
the clad steels are dealt 


5.3 
Hard-Facing Metal Spraying. 


CORROSION 


ABSTRACTS 


Welding Eng., 33, No. 62, (1948) 
Mar. 

Sprayweld new method developed 
apply thin, hard, uniform layers 
alloy-to-metal facings. the process 
wire consisting fine particles alloy 
imbedded plastic binder used 
standard metallizing gun. During the 
operation the plastic completely vola- 
tilized that the deposit consists only 
the metallic constituent. The base 
metal then fused with the same gun 
coating alloyed the base. This layer 
physically and chemically identical with 
hard facing the same alloy produced 
other means. The wetting properties 
the alloy makes possible obtain 
fusion iron, plain-carbon steels. Monel, 
nickel, and copper. flux required 
since high resistance oxidation 
inherent the alloy and the base metal 
protected the sprayed coating. 

Dilution the surfacing metal kept 
minimum the relatively low- 
melting point the alloy and the short 
fusing time. This gives optimum erosion 
and corrosion resistance. Although the 
sprayed alloy melts 1850° not 
completely fluid under 2050° This 
range plasticity allows controlled 
thickness sprayed limited area 
and the coating fused without 
changing the contour the hard-facing 
layer. 


spraywelded surface having hard- 
ness Rockwell will often resist 
wear ten times longer than carburized 
nitrided surfaces greater hardness. 
Hardfaced surfaces free from cracks 
dilution the surfacing alloy are resist- 
ant wide variety acids and salts 
well heat corrosion. Coatings 
thinner than 0.010 in. should not used 
except where only mild corrosive condi- 
tions are likely occur. 


The process especially suitable for 
cylindrical parts that may sprayed 
and fused they are rotated; these 
show little distortion. not applica- 
ble where heavy coatings are required. 
Neither practicable for highly 
stressed parts which 
heat treated develop the correct phys- 
ical properties until has been deter- 
mined that the heating cycle will have 
serious 


5.3, 5.2 


Zinc the Protection Mild Steel 
Plant Construction. Walters. 
Chem. Eng. and Proc. Ind., 30, No. 
224-7 (1949) May. 

Reliable information the applica- 
tions zinc coatings for the protection 
mild steel against corrosion. There 
are short descriptions all the five 
processes available and comments 
the uses which they are best suited. 
zine coating frequently used 
basis for paint, the correct painting 
treatment for zinc coated surfaces ex- 
plained. The article concludes with sec- 
tions the use dust paints for 
restoring severely weathered galvanized 
surfaces, and the protection under- 
ground pipe lines zinc anodes.— 
PDA. 


5.3, 4.4, 7.6 

Metallizing: How They Put 
Work Chemical Plants. Wake- 
field, Metallizing Eng. Co. Chem. Eng., 
56, No. 96-97 (1949) July. 

solve problem 6300 Ib. stain- 
less steel chill roll for animal fat ren- 
dering plant, stainless steel was sprayed 


straight cast iron roll. Discussion 
explains how this was done. When 
comes surfacing freeze rolls, chill 
rolls and similar processing equipment, 
metallizing its best high speed 
and low cost. Monel, 
nickel Ni-chrome can applied 
cast iron, steel, other metal bases. 
Tin-coating alcohol tanks, and restoring 
plug cock are also 


Designing With Metallized Structures. 
Wakefield. Prod. Eng., 20, No. 
117-121 (1949) May. 

Metals applied wire-type spray 
guns give specialized properties local 
areas and successful, these metals 
must sprayed over properly prepared 
surfaces. Metallized coatings alumi- 
num cloth are used production 
radio capacitors, giving advantages 
high capacity ratio, reduction size, 
and stronger tabs for electrical connec- 
tions. These special aluminum tabs are 
inserted the fabric before metal- 
lized. Metallizing also applied for re- 
sistance heat oxidation. this means, 
melting crucibles, annealing covers, py- 
rometer tubes, salt pots similar 
equipment can effectively protected. 
The process consists mainly the ap- 
plication aluminum, special alloys 
and proper sealer. While articles 
treated will not equal the life alloy 
parts they will outlast unprotected steel 
parts many times, giving compromise 
between cost and extreme length life. 
also possible now apply coatings 
hard, wear-resistant steels stainless 
steel aluminum magnesium bases. 
seems likely, therefore, that the use 
both will greatly increase the near 
future, especially for lightweight and 
wear-resistant 


5.3 


How Select Sprayed Metals. 
Wakefield, Metallizing Eng. Co. Am. 
Machinist, 93, No. 15, 80-82 (1949) July 
28th. 

Discussion includes common charac- 
teristics, individual metals such bronzes, 
nickel and nickel-alloys, and applications 
spraying metals. Sprayed metals offer 
better protection against wear and cor- 
rosion lower cost. Chart indicating 
comparative shrink rate sprayed met- 
als includes 18-8 stainless steel—INCO. 


5.3 


Methods Tinning Cast Iron. Pierre 
Tyvaert, Fonderie, 27, 1099-1100 (1948); 
Iron Steel Inst. (Abs.), 161, 159 (1949). 


_Practical notes are given the tin- 
ning cast iron the hot-dip process 
and electrolysis—MA. 


5.3 


Tinning Steel. Robert Nekervis 
and Bruce Gonser. Metals Handbook, 
ASM, 709-712 (1948). 

The manufacture hot-dipped and 
electrolytic tinplate described. The tin- 
ning wire, thin strip, cast iron and 


fabricated articles also dealt with— 
MA. 


5.3 


Some Characteristics Sprayed Metal. 
Tolley, Metallisation, Ltd., Dudley, 
Eng. 38, 263-266 (1948) 
Sept. 

Some salient features metal-sprayed 
deposits are outlined. The value 
sprayed metal coatings for building 


: 
Ay 


ASSOCIATION 


worn parts and for protecting against 
corrosion now well established. 

Before spraying metal coatings onto 
any material, whether metal, wood, 
roughened surface ensure good adhe- 
sion. This usually accomplished 
grit-blasting. For special purposes, such 
building work, grooving knurl- 
ing may used obtain deposit hav- 
ing high resistance shear. 

Adhesion tests are value showing 
that metal-sprayed coatings will satis- 
factorily adhere the base metal. Bend 
tests have little significance relation 
adhesion, though they may use 
where material has undergo consid- 
erable distortion after spraying. Gener- 
ally, steel sheet sprayed with metal 
coating under 0.004-in. thick can bent 
through 180° without the coating crack- 
ing off. Above this thickness will be- 
gin cracking when bent through angles 
less than 180°. 

The hardness sprayed metal dif- 
ferent from that the cast wrought 
metal. Its porosity causes lower inden- 
tation hardness than the original metal 
massive form, but its oxide content 
produces higher scratch hardness. 


When considering sprayed deposits, 
the particular properties afforded the 
spraying procedure must taken into 
consideration. The structures deposits 
produced the wire and molten-metal 
processes are usually 
guishable, but the powder process yields 
structure which considerably differ- 
ent. With the powder process oxide con- 
tent and porosity are generally higher, 
giving rise important structural dif- 
ferences. 

Reclaiming worn parts metal spray- 
ing offers distinct advantages over re- 
claiming welding and heavy electro- 
plating. Only very slight wear occurs 
built-up parts because porosity the 
deposit results the retention te- 
nacious oil film giving rise excellent 

sprayed metal coating 0.004-0.005 
in. presents impermeable barrier pro- 
tecting against corrosion. These coatings 
are replacing the older method weath- 
ering, wire brushing, and use red-lead 
primer corrosion protectives. Sprayed 
coatings also provide excellent sur- 
face for paint; sprayed coating plus 
finishing paint provides protection achieved 
few other systems.—PDA. 


5.3 

The Plating Step Clad-Steel Manu- 
facture. Albert Taylor. Plating, 36, 
No. 239-245 (1949). 

Describes briefly the use nickel 
plate bonding agent between stain- 
less steel Inconel cladding applied 
mild steel. Such plating not required 
for bonding nickel Monel metal. 
Nickel plating used because forms 
brittle layer between the steel and 
the cladding metal, and also acts 
barrier against carbon diffusion into 
the cladding metal. ensures good heat- 
transfer properties between the steel and 
the cladding. Brief details the plant 
used for plating the cladding metal and 
the operations employed 
sented. 2-hour plating cycle used, 
give total thickness nickel 
0.005 in. After plating the cladding 
placed contact with the grit-blasted 
steel, similar assembly, but reversed, 
set top the first, separated from 
infusible parting compound, the 
whole sandwich sealed welding, soaked 


then rolled. result the nickel- 
plating operation, fabricating operations 
such shearing, bending, flanging, form- 
ing, riveting, welding can 
formed without affecting the bond. The 
bond will also withstand considerable 
thermal shock, spite the different 
coefficient expansion the steel and 
the cladding 


5.3 


Metallizing Relation Marine En- 
gineering. Stiles. Trans. Inst. Marine 
Eng., 60, No. (1948). Welding J., 28, 
No. 541-558 (1949) June, Disc., ibid, 
659-669 (1949) July. 

Discussion stresses both limitations 
and usefulness metal spraying ship- 
work. Equipment used spray metal, 
characteristics coating produced, 
methods which bonding base ma- 
terial achieved and techniques for fin- 
ishing sprayed metal coatings are dis- 
cussed. Applications process ma- 
rine engineering are divided into (a) 
reclamation worn parts, and (b) pro- 
tective coatings resist corrosion. Dis- 
cussion protective coatings includes 
theory corrosion, finishes applied sub- 
sequent spraying, steel hulls and pro- 
tection miscellaneous parts.—INCO. 


5.3 

Metal Spraying—What Is... What 
Rowan. Am. Mach., 93, No. 10, 107-118 
(1949) May 19. 


Discussion nature sprayed metal 
and conditions under which may rea- 
sonably expected give good serv- 
ice, equipment needed for process, and 
steps required produce good coatings. 
major fields for metal-sprayed 
coatings protection base metal 
against corrosion. Other uses metal 
spraying are repair castings which 
have blow holes surface defects for 
protection against high temperatures and 
spraying 


5.3 


Flame Spraying Metals and Plas- 
tics Engineering and Shipbuilding. 
Rivett. Paper before Institution 
Engineers Shipbuilders, Scotland. Can. 
Metals Met. Inds., 12, No. 27-28 (1949) 
June. 

Discussion includes zinc coatings, zinc 
and paint, and lead spraying. Zinc coat- 
ings prevent marine corrosion shown 
examples. Lead spraying used 
protect steel under mildly acidic condi- 
tion. fused plastic coatings, Poly- 
thene, which has good electrical insulat- 
ing properties unaffected acids and 
tive coating for chemical plant—INCO. 


5.3 


Prevention Corrosion Steel. 
Richards. Org. Fin., No. 
(1948). 

The protection required steel de- 
pends large extent the exposure 
conditions. Wherever likely rust, 
even organic coat applied, 
should receive metal coating. Zinc 
the main coating metal and methods 
applying steel are briefly described. 


Sprayed Iron and Steel Coatings 
Light Metals. Revue 25, 
361 (1948) Nov. 

exhaustive investigation has been 


CORROSION 


ENGINEERS 


carried out France 
with official bodies into the Possibility 
providing light metals with 
coatings iron steel. large Tange 
ferrous coatings extending from 
iron coatings 18-8 stainless and 
percent chromium iron was produced 
method. was found that the layers 
produced spraying adhered solely 
mechanical action, alloying between 
the spray metal and the light metal be- 
ing produced. The iron coatings 
certain porosity and appear have 
certain self-lubricating properties, with 
the friction coefficient being smaller 
that found for the same ferrous material 
rolled form. Coatings this type are 
may aluminum alloy 
surface wear comparable that 
corresponding steel 


Zinc Coatings. Peirce. 
Handbook, ASM, 1948, 712-714 


Galvanizing the most commonly 
used all methods metallic 
tion steel. The production and prop- 
erties hot-dip coatings are described, 
and there brief mention electro- 


Metals 


Hard Chrome Plating Light 

25, No. 149, 335-338 (1948) Noy. 
Chrome plate, previously used only 
iron and steel, now being extended 
light alloys. Hard chrome plate differs 
from ordinary chrome plating principally 
the thickness the chrome deposit 
which the range 0.1 mm. 
for hard chrome and several for ordi- 
nary chrome. Results chrome plating 
ordinary chrome plating bath were un- 
satisfactory. was decided plate di- 
rectly the aluminum coating 
zinc, copper, etc., would too porous 
support chromium film. The prob- 
lem remained finding satisfactory 
surface preparation capable eliminat- 
ing the natural oxide film and the 
same time, creating surface favorable 
the mechanical clinging the chro- 
mium deposit. chemical pickling solu- 
tion was found give the best results, 
ing the salt heavy metal such 
nickel maganese. There are two types 
solutions: 


(1) After degreasing and rinsing, the 
articles are immersed solution 
about the attack the bath the 
light alloys diminishes intensity. The 
coated with nickel deposit which dis- 
solves after rapid rinse solution 
nitric acid 36° Be. When the hy- 
terminates, usually 
about seconds, the articles are 
moved from the bath, washed run- 
ning water and dried, before chrome 
plating. Generally, this type solution 
gives good results pure al- 
loys containing magnesium such Dur- 
alinox. Magnesium and silicon such 
Almasilium, but not for 
duralumin types. Better results are ob- 
tained with chill cast than sand cast 
articles due the porosity sand 
castings. 


(2) The second solution composed 
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for one minute. When the object loses 
its yellow color following the precipita- 
tion manganese dark 
grey should removed from the bath. 
The manganese deposit dissolved 
bath composed parts HNOs, 
part 50% and 20°C (68° 
for several seconds. 

comparison with the first solution, 
Duralinox and Almasilium, the sec- 
ond solution does not give such good 
results casting alloys but gives better 
results forging and sheet. also 
not suitable alloys the duralumin 
type. 
following composition chrome 
bath gives the best results: chromic an- 
hydride, 250 1.25-2.5 g/l. The 
deposits have maximum adherence 
when produced 50-60° (122-140° 
with current density equal 
The thickness the chrome de- 
posit will the order 20-25 per 
hour. necessary commence the 
electrolysis under very high (60-80 
the hydrogen overvoltage 
aluminum being very weak, and the sur- 
face very rough, the d.c. can reduced 
norma! value when the object cov- 
ered with thin coating uniform 
chromium which generally obtained 
several electrolysis. 

The role corrosion inhibitor the 
the aluminum well 


known and the absence very electro- 
positive coatings, such copper, be- 
tween the light alloy and the deposit 
chromium diminishes 
Deposits several have shown 
remarkable protection against attack 
alkalis aluminum. One common cause 
corrosion the presence cavities 
which entrap the electrolyte and create 
electrochemical action between the 
different components the base metal 
which separates the deposit 
LL. 


Metal Spraying. Williams. Min- 
ing J., 232, No. 5934, 352-354 (1949) 
May 

spraying techniques make use 
two different forms raw metal, me- 
tallic powder and wires: the Mark 
spraying pistol utilizing wire, and the 
Schori pistol powder. Both process, 
well equipment involved, are de- 
scribed. Zinc and aluminum coatings, 
building-up processes 
work are 


5.3 
Stainless Steel Clad Sheets. Rev. Sci. 
Instruments, 20, No. 380 (1949) May. 


_Permaclad composite sheet mate- 
rial which layer stainless steel 
permanently bonded carbon steel 
backing plate. The stainless layer forms 
20% total thickness sheets 
gauge, and 10% heavier gauge. 
Cost material about half the cost 
solid stainless the same gauge. The 
bond strength said equal that 
component steels. The clad material 
metallurgically correct one side for 
service, possesses 
the ductility and other desirable proper- 
the carbon steel backing plate. 
material (Type 304 stain- 
less with backing) can 
cold-formed, arc- spot-welded, sol- 
dered, stamped without sepa- 
rating the layers and without loss the 
properties stain- 
less steel, Compositions other than the 
standard may 


CORROSION ABSTRACTS 


Non-Metallic Coatings 


5.4 

Corrosion: Surface Protection Iron 
Steel. Jron and Steel, 22, (1949) 
Mar. 

Describes Detel Metal Undercoat in- 
vented Dyche-Teague, Techni- 
cal Director Detel Products, Ltd., 
Greenford, England. stated that the 
protective action does not depend the 
medium bond material used, but 
the pigment itself —BLR. 


5.4, 7.2, 7.6 


Phenolic Resin Coatings Baked In- 
duction Heating. Allen Gray. Prod. 
Fin., 12, No. (1948) Apr. 

Induction heating the theromset- 
ting phenolic coatings metals su- 
perior conventional baking methods 
since its shortens the curing time with- 
out lowering the quality the coating. 
The exact temperature control inherent 
induction heating additional ad- 
vantage curing multiple coat systems. 

One example application in- 
duction heating the continuous coat- 
ing and curing phenolic resins 
pipe. This process involves continuous 
passage sand-blasted pipe through 
tank the coating solution, and then 
through the electromagnetic field 
system induction heating coils actu- 
ated low-frequency alternating cur- 
rent. The pipe section rapidly brought 
the desired curing temperature, g., 
input only 400 watts. The baking 
time can reduced increasing the 
amount power supplied; the total 
curing time also depends the reactiv- 
ity and heat resistance the coating, 
and upon the rate which the pipe 
travels. Conventional baking times are 
20-60 min. 275-400° electrical 
gas-fired circulating air ovens, infrared 
baking units, combination type 
gas-fired and infrared equipment. 

Boiler tubes protected phenolic- 
resin baking coatings withstood expos- 
ure boiling water 212° the 
outside and heat radiation 675° 
the inside. Steel pipes coated with phe- 
nolic resins were practically unaffected 
exposure 4-6 yr. corrosive 
soils and retained high gloss after clean- 


5.4, 4.3, 4.6, 3.5 

Corrosion-Proofing Simplified. 
Fisher, Jr. Steel, 124, No. 17, 80-82 (1949) 
Apr. 25; 

Industrial Metal Protectives, Inc., 
conjunction with Commonwealth Engi- 
neering Co., has developed liquid zinc- 
content coating called Zincilate which 
can applied metals like 
The coating will protect the surround- 
ing exposed metal when these areas are 
not excessive, that pinholes rup- 
tures will not offer foothold for cor- 
rosion. Treated parts show film fail- 
ure after 1000 hours standard ASTM 
salt spray exposure 90° (32.2° 
and with 20% solution. Non-porous coat- 
ings show failure 3600-hour 
weatherometer tests. The material un- 
affected mild acids and alkalies, hot 
water 150° (66° and air 
temperatures 600° (316° C). 
Surface the metal must thoroughly 
cleaned before coating. Coverage the 
material approximately 400 square feet 
per gallon. Can baked air dried. 
—ALL. 


5.4 


Building Organic Protective Coatings 
Special Requirements. Comp- 
ton. Corrosion, No. 148-150 (1949) 
May. 

Mass-production manufacturing sched- 
ules and special design requirements 
have created increased demand for 
metal paint products based synthetic 
resins combined with oils. The 
many ways which these organic pro- 
tective coatings can “tailored” fit 
the need the user are outlined. 
demonstrated that organic coatings, 
order provide maximum protection 
the metals, must adhere well, hard 
and tough enough withstand impact 
and scraping, have flexibility, and in- 
clude such enviromental factors mois- 
ture chemical fumes. The compro- 
mises that must made among the 
physical properties obtain the proper 
balance are discussed. Examples are 
given organic finishes which have 
been specially 


5.4 

Corrosion Resistant Cement Produc- 
tion. Chem. Eng., 54, 110-111 (1947) 
June. 


Equipment and procedures for manu- 
facture special resin cements Na- 
trona, Pa., Pennsylvania Salt Mfg. 
Co., are described briefly and illustrated. 
—BLR. 


5.4, 4.3 

Protective Coatings. Chem. Eng., 56, 
No. 252 (1949). 

Proprietary coatings give very vari- 
able results when exposed HCl. 
table given showing the performances 


5.4, 4.3 

Corrosion Resistant Coating. Chem. 
Eng., 56, No. 172, 174 (1949) Mar. 

line corrosion resistant plastic 
coatings for protection machinery, 
processing equipment and for general 
maintenance factories where corro- 
sives are used known Cyclon, series 
NPC. Cyclon inexpensive, easily 
applied, high solids synthetic paint that 
protects metals, wood, and ceramic sur- 
against chemical attack corro- 
sive fumes, condensates and spillage. 
air-dries quickly solvent evaporation 
adhesive, hard-wearing, flexible, 
glossy coating without necessity prim- 
ing surface being coated. Coatings are 
unaffected all alkalies well 
salts and most mineral acids. De- 
veloped Poly-Cyclo Products Co.— 
INCO. 


5.4 


Undercoats and Primers Based 
Alkyd Resins. Angelino. della 
Vernice, No. 12, 291-4 (1948). 

Principles their formulation are dis- 
cussed: general there should 
part resin for every 2:5 parts other 
non-volatile material the paint. Formu- 
lae are given for some anti-corrosive 
primers and white 


5.4, 2.5 


Standard Specifications for Pigments. 
ASTM Book Standards, Suppl., Pt. 11, 
55-206. 

Tentative specifications have 
sued for the first time for copper phtha- 
locyanine blue 963-48), copper pow- 
der for use anti-fouling paints 964- 
48) and methods testing para red and 
toluidine red pigments 97048). The 
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following specifications, formerly tenta- 
tive, have been revised and adopted 
standard: Raw and burnt umber 763- 
48), which now includes the subject 
matter 764 (burnt umber); raw 
and burnt sienna 765-48), which in- 
cludes 766 (burnt sienna). The fol- 
lowing have been revised and relegated 
the tentative status: pure para red 
toner, light 475-48), pure toluidine red 
toner 656-48), aluminum pigments, 
powder and paste for paints 962-48), 
revision and consolidation 266 
and 474, test for acetone extract 
black pigments 305-48), chemical 
analyses dry cuprous oxide and cop- 
per pigments 283-48). The following 
have been revised without change 
status: titanium dioxide pigments 476- 
48), sampling aluminum 
powder and paste 480-48), red and 
brown iron oxide pigments 84-48), 
Venetian red 767-48), chemical an- 
alysis zinc yellow pigment (zine chro- 
mate yellow 444-48).—RPI. 


5.4, 2.5 

How Specify Organic Finishes. 
Alexander, Naval Research Lab. 
Prod. Eng., 20, No. 141-145 (1949) 
July. 

Selection properly designed organic 
coatings should based special re- 
quirements material and product 
protected. Synthetic resin finishes find 
widest use heavy duty electrical, me- 
chanical, and chemical equipment. Dis- 
cussion includes types organic coat- 
ings, pigments, resin types, production 
requirements, film properties and appli- 
cations. Photograph shows effect 
painting with anti-fouling paint 
blend chlorinated rubber and 
acrylic 


5.4, 4.2 


Weather-Protective Treatment for 
Cotton Duck. American Association 
Textile Chemists and Colorists. Am. 
Dyestuff Reptr., 36, 705-10 Prev. 
Det. Abs., 25-6 (1948). 

Tests evaluate the weather-protec- 
tive properties various resin and pig- 
ment finishes applied cotton duck 
were made. Urea used alone was 
successful. The incorporation 
chrome, and phthalocyanine blue 
with urea/ChzO, methyl methacrylate 
and oil-modified alkyds improved weather- 


5.4, 3.3 

Mildewproofing Compound. 
Block. Chem. Inds., 62, 226-31 (1948); 
Prev. Det. Abs., 25-6 (1948). 

list fungicides used cellulosic 
fabrics, paints, leather, optical and elec- 
trical instruments, food and cosmetics 
given with short discussion the 
efficiency 


5.4, 3.3 


Submarine (Anti-Fouling and Anti- 
Corrosive Ships’ Bottom) Paints Used 
the German Navy the 1939-1945 
War. Colomb. Ind. della Vernice, 
No. 12, 286-90 (1948). 

the basis personal experience 
Germany during the war some minor 
corrections and augmentations are sug- 
FIAT Final Report No. 681. 
—RPI. 


5.4, 3.3, 2.2 

Trials Copper Paints and Anti- 
teredo Compositions. Trials Protec- 
tive Paints Wood. Reports from Ber- 


muda and Malta, and Supplementary 
Reports from Bermuda. Admiralty Cor- 
rosion Committee (Hull Sub-Commit- 
tee) Reports ACC/H61/44; ACC/H79/ 
45; ACC/H791/45. Prev. Det. Abs., 
65-6 (1948). 

The results are given tests vari- 
ous anti-fouling compositions, including 
USN formula 16-X, painted out 
wooden panels and submitted marine 
exposure tests for months and 
months periods Malta and months 
and year periods Bermuda.—RPI. 


5.4, 4.4, 4.3 


Plastics and Rubber Derivatives 
Anti-Corrosives. Anti-Corrosives the 
Chemical Industry. Estartus. 
Afinidad, 25, 390-8 (1948); Brit. Abs. 
B-II, 623 (1948). 

The main factors considered 
corrosion problems chemical manu- 
facture are indicated. Protective coatings 
include lacquers, vitreous enamels and 
synthetic resin linings. The psysical and 
anti-corrosive properties synthetic 
resin lacquer films are described, includ- 
ing more particularly their thermal be- 
havior. Resistance various classes 
chemicals for numerous synthetic resins 
and rubber derivatives are tabulated and 
discussed.—RPI. 


5.4, 4.2, 2.2, 5.9 


Endurance Tests with Rust Preven- 
tive Paints Comparison with Red and 
White Lead Paints. Eisenstecken 
Kickermann. PB. 70163, Frames 
1484-1507; Prev. Det. Abs., Lac 
(1948). 

Steel panels coated with various paint 
compositions were exposed industrial 
and rural atmospheres for period 
years. Some the panels were sand- 
blasted and others had rolled skin sur- 
faces. Industrial atmospheres proved more 
corrosive than rural ones for rolled skin 
samples, but 50% sandblasted sam- 
ples was destroyed both industrial 
and rural atmospheres. Lead paints were 
most resistant natural weathering 
followed Trix. Osmal and granite 


5.4, 2.3 


New Torch Licks Problem Flame- 
Spraying Polythene. DeLong 
Co. Chem. Eng. 56, No. 123-125 
(1949) June. 

Way coat steel with Polythene 
solved with use flame-spray gun 
which described. Coatings are not 
porous, they adhere and retain all 
Polythene’s corrosion resistance. Discus- 
sion includes torch details, adhesion, 
modifiers, application technique and cor- 
rosion 


5.4, 7.5, 4.3 


Report Successful Method Spray 
Polythene Metals. American Metal 
Market, 56, No. 119, (1949) June 21. 

The engineering research laboratory 
the Pont company has developed 
successful method for the flame spray- 
ing Polythene metal surfaces. Be- 
cause Polythene usually inert and 
highly resistant corrosion, par- 
ticularly attractive coatings for metal 
surfaces, such tanks and drums, where 
corrosion factor. The surface pre- 
heated 400-500° (204-260° and 
small quantities finely powdered graph- 
ite carbon black promote adhesion. 
Exposure 300 days’ duration with sul- 
phuric, hydrochloric, and other acids 


have shown deterioration 
properties base metal 


5.4 


Protection Aluminum 
Surveyor (England) (1948) 
Light Metals Bull., 11, No. 158 (1949) 

British Paints, Ltd., collaboration 
with the Northern Aluminum 
produced special form protection 
for the Hendon Junction Bridge, 
derland. generally now agreed tha 
paints containing lead are unsuitable for 
use first coats for aluminum and light 
alloys because the danger interac. 
tion with the metal. British Paints, 
has developed special corrosion inhibit. 
ing primer for the purpose keeping 
the metal surface excellent state 
preservation, and the same time 
creating suitable surface for further 
coats paint, either decorative pro- 
tective. 

The priming coat was applied before 
erection and careful was 
carried through the painting 
tractors, James Robb and Son 
castle-on-Tyne and London, before ap- 
plying the remainder the paint. Par- 
ticular attention was paid the iron 
rivets and surrounding areas view 
the fact that aluminum was not used 
riveting. paint and 
undercoating were then applied. The 
three paints included 
tion have been specially in- 
tegral parts complete “three coat 
treatment,” and each its turn assists 
furnishing the aluminum with 
mum protection.—ALL. 


5.4 


Mechanism Pigmentation. Wag- 
ner. Arch. Metall., 448-51 (1947). Brit. 
Abs. B-11, 1949, 110. 


Paint pigments may act electrochem- 
ically, but review recent investiga- 
tions shows that such action can play 
only minor part protecting iron 
from corrosion, although can 
value when the paint aged. The im- 
portant function the pigment 
influence the structure the paint film. 
—RPI. 


5.4 


Insecticide Paints with DDT. Salo- 
mone. Ind. della Vernice, No. 21, 2-4 

The insecticidal properties systems 
rectly into paints, and (b) sprayed from 
white spirit solution paint films 
give about the same concentration (2% 
both cases) have been compared. 
cate, oil, alkyd and enamel type paints, 
and fly, cockroach and 
butterfly test insects were used. Minute 


crystals DDT could observed 


under the microscope the films the 
silicate and alkyd paints 
but not the oil and enamel paint films. 
Even warm alcohol did not extract any 
toxic agent from these films. 
centage flies, cockroaches and_ 
terflies, respectively, killed after hours 
the test chamber was 
27, 13, 19; 18, 7—; 24, 10; 
and series (b) 73, 38, 75; 80, 45, 
81, 48, 88; 82, 45—. Although 
ticidal properties the paints the (a) 
series were poor, they still 
further ageing the paint 
16, and 121 days ageing the silicate 
and alkyd paints, the percentage 
flies killed was, respectively, 21, 14, 
17, 
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Hydraulic Binders the Paint and 


ings Industry. Rabate. Peint. 
24, No. 273-4 (1948). 

editorial concerning the use and 
lime and hydraulic 
anti-corrosive paints. com- 
nade with anti-corrosive pig- 


cement 
parison 


ments.—R } 


Varnishing Resin for the 
Surface Protection Metals. Ott. 

Arch. angew. Wiss. Techn., 
23-31 (1949) (in German). 

The structure and synthesis the 
group synthetic resins are 
described. results are 
the effects various curing times 
the range 20-160 min. and curing temp. 
160°-220° the prop- 
erties coatings 0.7 mm. thick, were 
studied. The Sward hardness was little 
these variations curing 
being about 82; the Erichsen 
ductility test gave figure about 
except with the lowest curing time 

and temp. Short curing times and low 
curing temp. yield colorless film; 


times and higher temp. result 
yellow, golden, and eventually golden- 
brown films. The protection against cor- 
rosion afforded the resin was investi- 
gated immersing coated specimens 
iron and aluminum various corro- 

sive media (mainly organic) for times 

was produced formic acid and 

acetic acid. +0.5% copper sul- 

phate, but the other reagents did not 

attack the specimens. 

tests were also carried out temp. 

100° case did any attack 

minum boxes and tooth-paste tubes are 

described. Applications the resin are 


5.4 


Second Annual Guidebook-Directory 
Issue. Organic 10, No. 234 pp. 
(1949) Apr. 

Short articles and other information 
enameling and lacquering metal 
and wood, including preparation met- 
(steel, aluminum, magnesium, zinc, 
copper and brass) for painting; phos- 
phate treatment; corrosion prevention; 
vapor degreasing; proper- 
materials (resins, solvents, dry- 
oils, plasticizers, pigments, 
used organic finishes; finishing meth- 
and equipment; testing and costing. 
The directory lists manufacturers, 
consultants, reference books, 
There have been great changes 


the first annual issue (1948).— 


New Aspects Rustproofing. Arthur 
Paint, Oil and Chem. Rev., 112, 
42+ (1949) Apr. 

electrochemical aspects and 
limitations rigid coatings. Describes 
test methods used evaluate 
agent known “Nuodex 
Compound and gives results 
use under various conditions.—BLR. 


Lead Guards Against Rust 
Bridges. Lead, 17, No. 2-3 


The new North State Street Bridge, 
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Chicago, now nearing completion, 
protected with red lead/linseed oil 
undercoat which claimed have 
protective life 8-10 years. This un- 
dercoat used also the Queensboro 
Bridge, New York, and the Oakland 
Bay Bridge, San 


5.4 

The First Year the Paint Research 
Project New York University. 
Kronstein. Congres Tech. Internat. 
Ind. Peint., Paris, 1947, 232-9. 

account the activities include 
the study the effect pretreating 
metals before applying organic coatings. 
For this purpose the changes the 
magnetic and electrical resistance qual- 
ities the metal were measured both 
before and after pretreatment. Surface 
profile measurements were also made. 
the oils field has been found pos- 
sible isolate solid polymerized oil 
substances directly from the liquid oil. 
These solid polymers are fluffy dry sub- 
stances, insoluble boiling toluene and 
incapable forming coherent films. 
discussion the infrared spectra 
the oil derivatives included.—RPI. 


5.4 


Protective Coatings for Metals. 
Krause. Board Trade, Ger. Div. FD. 
262/48, Frames 1150-69. 


bibliography German publications 
for 1941 the protective coatings for 
metals which also appeared B.I.O.S. 
Final Report No. 335. 


5.4 


Petroleum-Base Protective Coatings. 
Will Shearon, Jr., Hoiberg. 
Ind. Eng. Chem., 41, No. 12, 2672-2679 
(1949) Dec. 

brief history the use asphalt 
protective coating introduces the 
coating manufacture from petroleum. 
Plan processes are described with 
number flow sheets and photographs 
plant equipment. Rust preventives are 
divided into 
drying types slushing compounds and 
preventives which dry hard film. 
addition, products may classified ac- 
cording their uses such corrosion 
preventive, bearing compounds, greases 
and oils; metal conditioning compounds; 
solvent type rust preventives (outdoor); 
and solvent type rust preventives (in- 
door). 

The article discusses the manufacture 
oil type, semi-solid and solid types, 
and solvent type rust preventives with 
remarks the application each. Fu- 
ture prospects progressive coating 
manufacturer discussed. References 
are made the literature process- 
ing equipment. 


Oil Grease Coatings 


Finishing Metals—Part II. Fred 
Johnson. Can. Paint Varnish Mag., 21, 


No. 10, (1947) Oct. 


Osmosis explained being the 
principle paint failure due pene- 
tration water into the paint film. 
maximum resistance the ravages 
tain fundamental phenomena must 
considered. 

(1) The vehicle has the least resist- 
ance water penetration dries 


oxidation reaction with air. The poor- 
est this type are based straight 
linseed oil. Alkyd finishes allow only 
two thirds the penetration linseed 
oil, and phenolics allow about half the 
penetration alkyds. Baked finishes 
are better than any which dry oxi- 
dation, and the newer synthetic lacquers 
based vinyl resins appear the 
best available. 

(2) Pigmented finishes are almost al- 
ways better moisture barriers than un- 
pigmented finishes. Some pigments im- 
prove this property much 100%. 
the other hand, pigmentation ap- 
pears lower rather than improve the 
water resistance some the vinyl 
finishes. 

(3) Osmosis causes film breakdown 
most readily fresh water extreme 
conditions moisture condensation. 
Electroendosmosis acts rapidly and vio- 
lently salt water where the film 
ruptured and the metal allowed 
freely corrode one spot. 

(4) Passivation necessary for maxi- 
mum water resistance. This process 
leaves surface coated with thin film 
oxidized metal metallic salt which 
cannot set electrical conditions when 
the coating penetrated water. Thus 
corrosion the metal and subsequent 
breakdown the adhesion the pro- 
tective covering prevented. Passivat- 
ing primers, such chromate, 
should used before the 
finish coat. 

The conclusions are based the re- 
sults earlier experiments which 
steel, duraluminum, zinc and glass were 
coated with zinc chromate primer fol- 
lowed gray, low-gloss alkyd enamel. 
The thickness was carefully controlled. 
Six immersion baths were prepared, one 
distilled water and the others con- 
taining from 0.758% 3.790% salt solu- 


Was Coating Protects Street Light- 
ing Reflectors. Skove Nichols. 
Electric Light and Power, 26, 98, 100 
Dec. Metals Rev., 22, (1949) 

an. 

Tests under severe atmospheric con- 
ditions demonstrate that application 
wax coating polished surfaces alu- 
minum street-lighting reflectors permits 
periodic cleaning wiping with dry 
restore reflection efficiency.— 
ALE. 


Rust Preventives Help Maintain Steel 
Structures. Surchek, Dearborn 
Chemical Co. Steel Eng., 26, No. 
82-85 (1949) May. 

Petroleum base coatings are effective 
preventing corrosion because they are 
relatively waterproof, and stick and 
with the metal protected. The role 
played the inhibitor organic films 
described. The application these 
heavy waxes both exterior and inte- 
rior steel and cast iron pipe, the pro- 
tection gas holders, and their use 
railroad and marine equipment are dis- 


cussed.—INCO. 


Packaging 


5.6 


New Way Preventing Corrosion. 
Williams. Canadian Chem. and Proc. 
Ind. (Canada) 33, No. 536 (1949) June. 

collaboration with Britain’s Rub- 
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ber Producers’ Research Association, 
the British Department Scientific and 
Industrial Research has undertaken con- 
siderable work sodium benzoate 
wrappings, and preventive for the 
corrosion metals. These experiments 
have led the making rubber latex 
impregnated with sodium benzoate. This 
material has double protective action, 
excluding damp air and corrosive vapors, 
and also reinforcing the normal action 
wrapping, even replacing the 
wrapping breaks. Articles 
tected may immersed the benzoate 
latex sprayed. The latex dries quickly 
thin, tough coating completely cov- 
ering the object. The coating does not 
adhere the metal, and can stripped 
off easily. Benzoate latex maintains met- 
als bright and untarnished after long 
exposure under severe conditions, whereas 
rusting soon occurs under the same 
conditions when ordinary latex em- 
ployed for the same purpose. Benzoate 
latex especially useful protect ma- 
chined metal parts when storage 


5.6 

Some Aspects Packaging Metal 
Containers. Sanders. Chem. Ind., 
151-155 (1949) Mar 

Discusses above under headings 
leakage, mechanical strength, corrosion, 
application coatings, and design for 
ease 


Treatment Medium 


Effect pH-Value and Nature At- 
tacking Solution Intercrystalline and 
Stress Corrosion Aluminum-Magne- 
sium Alloys. Vosskurler. Archiv fur 
Metallkund, Germany, 28-33 (1949) 
Jan. Metals Rev., 22, No. (1949) 


Inhibitors 


5.8, 3.6, 1.8, 4.3 


Hydrogen Overpotential and the Par- 
tial Inhibition the Corrosion Iron. 


Phys. Colloid Chem., 53, 527-539 
(1949) Apr. 


Action inhibitors pickling baths 
hydrogen activation over-potential 
iron, mechanical protection 
adsorbed film. Present paper seeks 
distinguish between those two views, 
and reports experimental measurements, 
concluding that the mechanism the 
direct effect the hydrogen activa- 
tion potential and not mechanical 
protection through adsorbed film.— 


INCO. 


5.8, 4.4, 2.3, 7.1, 8.9 


Oxidation Lubricating Oils—Dia- 
kyl Selenides Inhibitors. Deni- 
son and Condit, Calif. Res. Corp. 
Ind. Eng. Chem., 41, No. 944-948 
(1949) May. 


Various diakyl selenides 
pared and shown more effective inhibi- 
tors oil oxidation than corresponding 
sulfides. Diakyls are more active than 
diaryl compounds. Strip corrosion and 
engine test data bear out inhibitory 
value diakyl selenides determined 


oxidation tests and, addition, show 
selenides are free from deleterious oxi- 
dation products such are encountered 
with sulfur compounds. Formation 
little gum sludge selenide inhib- 
ited oils explained fact that oxi- 
dation products selenide are ther- 
mally decomposed non-gum forming 
products instead being further oxi- 
dized strongly acidic materials which 
could, sulfonic acids, accentuate 
gum 


5.8, 8.9 

Alox 350, Polar Type Rust Inhibitor 
for Oils. Chem. Eng. News, 27, 1092-3 
(1949) Apr. 11. 

Contains mostly esters high 
molecular weight organic acids. Other 
oxygenated hydrocarbons, including rela- 
tively small amounts free, high molec- 
ular weight, non-corrosive organic acids, 
are also contained this Alox Corp. 
product. The solid also available 
10% concentrate light naphthenic 
oil called Alox 361. Either form uni- 
form and stable. Hydraulic, slushing, 
automotive and gear oils which contain 
maximum Alox 350 have 
maintained corrosion-free systems over 
many years service. lube oils Alox 
350 gives decrease wear moving 
parts and freedom from corrosion even 
after long periods operation, includ- 
ing idle periods. 


5.8, 4.6, 5.7, 2.3, 1.8 

Corrosion Inhibitors Recirculating 
Water Systems. Darrin, Mutual 
Chem. Co. America. Can. Chem. Proc. 
Inds., 33, No. 512-516 (1949) June. 

Inhibitors which function through 
anodic polarization are discussed. Dis- 
cussion includes adjusting pH, prevent- 
ing harmful deposits, removal corro- 
sion constituents, cathodic polarization, 
anodic passivation, amount chromate 
required, corrosion stimulation and ex- 
perimental data—INCO. 


5.8, 6.2 


Passivation Aluminum. Baevens. 
Ingenieur’s Grav. (Germany) 60, No. 11, 
K32-34 (1948). Brit. Abs. (1949 
(1949) 


5.8 

Sodium Nitrite inhibitor Against 
the Attack Sea Water Steel. Part 
I—The Influence Sodium Nitrite 
the Area and Intensity Attack. 
Wyllie and Cheesman. Soc. 
Chem. Ind., 68, No. 165-168 (1949) 
June. 

Prevention sodium nitrite at- 
tack sea water steel was studied 
two ways. Observation extent and 
nature corrosion mild steel speci- 
mens partially immersed sea water 
containing nitrite. Measurement cor- 
rosion currents using divided cell. Ap- 
pearance widespread brown discol- 
oration steel higher nitrite con- 
centrations discussed and catalytic 
mechanism suggested for inhibiting 
action nitrite. Effect mixing phos- 
phates and nitrite reported. refer- 
ences.—INCO. 


5.8 

Theory Corrosion Inhibitor Action. 
Misch. Office Naval Research 
Contract N7-onr-329; Prev. Det. Abs., 
Met. 240 (1948). 


Inhibitor evaluation, using the pulse 
polarizer indicated that the dissolution 


Vol. 


predicted from polarization 
this data also possible 
scale inhibitor action similar 


5.8 


The Role Inhibitor Films 
trode Processes, Final Report. Hugh 
McDonald, Glenn Marsh, Robert 
Misch and Bernstein, Illinois In- 
stitute Technology, Chicago, 
sion Research Lab. Office Nayal 
Research, Contract Task 
Order (1948) Aug. 


Two instruments were developed 
evaluate inhibitors determining their 
effect on_the electrode polarization 
metals. The pulse polarizer, utilizing 
single pulse current, furnished data 
which were useful differentiating and 
establishing scale inhibitor effec. 
tiveness, although the complete inter. 
pretation the polarization curve was 
often impossible. Papers based this 
work have been published elsewhere. 
The second instrument, the scope polar- 
izer, though theoretically more 
tory for recording the common 
tial—current density curves, 
sufficiently sensitive differentiate and 
classify inhibitors. 

clarify the mechanism inhibitor 
effectiveness and the factors involved 
electrode polarization, study was made 
the influence surface films the 
electrodeposition hydrogen palla- 
dium. The transmission hydrogen 
through palladium cathode depends 
largely the nature the adsorbed 
surface film. With electro-deposited 
“metallic films” steady reduction 
the percentage transmission was al- 
ways observed. Mercuric and cupric 
severely reduced the transmission; am- 
monium ion had little effect. With or- 
ganic films increase transmission 
was also obtained, depending adsorp- 
tion behavior the compound and the 
thickness the film. Weakly adsorbed 
organic films ethanol, butylamine, and 
gelatin had only slight effects. Strongly 
adsorbed compounds, such thiourea, 
diispropylthiourea, sty- 
rene, and benzyl sulfide, produced 
increase the transmission when 
ent low concentration thin 
film; when added excess, however, 
most these compounds decreased the 
transmission depending upon the film 
thickness. 


Two cathodic electrode mechanisms 
seem possible with organic films: 
thin films strongly 
pounds, protons may diffuse 
ladium surface. thick films 


types, electron transfer 


discharge distance from the metal 
lattice may the rate-limiting process. 
transition from the first the 
mechanism was observed three films 
increasing thickness. 

making these determinations the 
transmission clean palladium 


trode was first determined. Then the 
change transmission was observed 
after adding various amounts the 
substance under consideration. the 


case metallic films, both copper and 
mercury were added the solution 
salts and Organic films 
were produced adsorption irom 
lution and direct deposition the dry 
electrode. Changes £1% the 
mission resulting from the 


surface films could readily 
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5.8 
hanism the Action Inhibitors 

the Dissolution Iron Acids. 
lofa. Physical Chem. (U.S.S.R.), 21, 

Influence series organic com- 
pounds the rate solution pure 
iron hydrochloric acid was investi- 
Results are indicated polariza- 
tion curves. 


Surface Treatment 


3.5, 3.4, 2.3 
Practical Method Electrolytic 


Polishing for Steels and Chromium for 


Micrographic Examination. Jac- 
quet. Rend., 227, 556-558 (1948); 
Iron Steel Inst. (Abs.), 161, (1949). 

The difficulties and dangers the use 
the anhydrous solution perchloric 


and acetic anhydride previously 


proposed Rocquet and are avoided 


with the present solution which the 


acetic anhydride replaced the acid 
and only very little perchloric acid 
used, suitable mixture is: 1000 
pure crystallizable acetic acid and 
60-60% perchloric acid (sp. gr. 
The liquids mix once with- 
out liberating heat. The reagent works 
satisfactorily even when much contami- 
nated with dissolved iron after long use. 
Best polishing results are obtained with 
between and amp./dm.? with 


potential 30-50 for specimens 


1-15 area and plane cathode 


few centimeters front the surface 
polished. The relatively high volt- 


age can reduced adding very 
little distilled water (0.5-1.5%) 
using cylindrical cathode surrounding 
the anode. Solutions containing acetic 


plus perchloric ions attack iron chem- 
ically without applied current, the 


more the temp. rises, so, order 
avoid staining the specimen agitated 
for few seconds dilute aqueous 
solution hydrofluoric acid immedi- 
ately removal from 
bath. This treatment also causes differ- 


ential coloring, showing ferrite grains 
and bainitic, sorbitic, and pearlitic struc- 
tures, well the traces plastic 


deformation and 


Burdett Incorporates Rust-Proofing 
Treatment Into Its Burn-Off Process. 
Ind. Heating, 14, 986, 988 (1947) June. 

New Burdett Rust-Proofing 
Process consists primarily the proper 
placing gas-fired infrared burners 
relation the work. This process 
claimed not only remove grease and 
similar film, but simultaneously pro- 
duce blue surface the metal that 
extremely rust 


5.9, 6.2 


Composition the MBV Layer and 
hange Its Properties Ageing and 
Heating. Helling. PB. 70016, Frames 


Prev. 
rev. Det. Abs., Met. 173 


The influence structural changes, 


ageing and heating on, interalia, the 
properties for paint, the 
RET layer (on aluminum) studied.— 


CORROSION ABSTRACTS 


5.9, 6.2 


Thickness the MBV Layer 
Function Length Treatment. Hell- 
ing. PB. 70016, Frames 5451-9; Prev. 
Det. Abs., Met. 160-1 (1948). 

study the variables influencing 
structure the MBV layer (on alumi- 
num) and its suitability surface for 


5.9, 6.2 

Pure Aluminum Treated with MBV. 
Geller Geier. PB. 70016, Frames 6622- 
37; Prev. Det. Abs., Met. (1949). 

Corrosion tests made coatings car- 
ried out various modifications the 
treatment varied widely. some 
corrosive solutions the protective effect 
seemed depend upon the thickness 
rather than the density the coating 
and others results were dependent 
the 


5.9, 6.3 


Surface Oxide Removal Important 
Final Processing Aluminum. 
Durkin, General Electric Co., Thomson 
Laboratory, Lynn, Mass. Mat. Meth., 


27, No. 82-85 (1948) Apr. 


Maximum weathering resistance, ad- 
hesion, and uniformity inorganic coat- 
ings aluminum, well uniformity 
and quality welds can insured 
only when parts have been properly 
cleaned and deoxidized. The importance 
good rinsing facilities these opera- 
tions cannot over-emphasized. set- 
ting process that includes the use 
agents for removing surface oxides, 
important consider the material 
cleaned, the number tanks in- 
volved, the controls necessary main- 
tain concentrations and temperatures and 
any special equipment that may re- 
quired. 

Extended tests with various cleaners 
and oxide removers resulted the fol- 
lowing conclusions: 

(1) With sodium hydroxide the sur- 
face resistance values the cleaned 
aluminum are neither uniform nor suf- 
ficiently low, the immersion time crit- 
ical, and close control the concentra- 
tion and temperature required. 


(2) With chrome-sulfuric acid the 
surface resistance values are low, the 
immersion time critical, and the al- 
lowable time exposure before reoxi- 
dization short. 

(3) With chrome-phosphoric acid sur- 
face uniformity not obtained imme- 
diately after treatment with (2). 


(4) With hydrofluoric acid initial re- 
sistance values are low but the immer- 
sion time prohibitively critical. 
oven treatment about seconds re- 
sulted etching and high surface re- 
sistance, 

(5) With hydrofluosilicic acid, surface 
resistance values are not sufficiently low 
even when tested with wetting agent 
and reoxidization the surface rapid. 


(6) With cold-dilute sulfuric acid 
type deoxidizer, resistance values are 
low and oxidation retarded, whereas 
with two other compounds the hot- 
dilute acid type the results are unsatis- 
factory. 


All oxide removers were tested 
2SH, 2SO, and 14ST panels. Before 
testing for surface resistance, the mate- 
rials were emulsion-dipped, hot rinsed, 
spray rinsed, treated with inhibited 
cleaner, rinsed, spray rinsed, treated with 
oxide remover, again rinsed and finally 
dried. Surface resistance 


through weld line held under 500 
pressure and reading the voltage 
from volt-ohmmeter—PDA. 


5.9, 6.3 

Cleaning with Framanol: New 
Process for the Preparation Surfaces 
and for the Protection Aluminum. 
Jean Frasch. Rev. Aluminum, 142, 84-89 
(1948). 

For the cleaning 
faces, especially for welding, and 
step final protection there exist many 
solutions: some are better for given 
alloy than others. attempted evolve 
cleaning solution which would both 
degrease and clean, which would ap- 
plicable all alloys, would operate 
room temperature, and could also 
applied locally large pieces brush- 
ing sponging. The result this at- 
tempt was the evolution Framanol, 
complex solution phosphates chro- 
mium and triethanolamine. Test data 
specimens aluminum alloy A-U4G 
are given, which Framanol com- 
pared with caustic soda, nitric acid, fluo- 
silicic acid and sulfuric-chromic acid. 
claimed that Framanol far superior 


5.9, 4.1, 4.6, 7.3, 2.3 

Improved Corrosion Resistance and 
Paint Adherence. Die Casting, No. 
59-60 (1949) April. 

Iridite, chromate finish, developed 
permit use zinc die castings 
tropical climates salt atmospheres 
gives good paint base while improving 
surface characteristics. Available two 
colors, the olive drab useful water 
and salt corrosion atmospheres, such 
water pumps for washing machines, re- 
frigerators and refrigerated vending ma- 
chines, base for paint, while the 
bronze type applied successfully 
die castings coming into contact with 
mixtures gasoline and water such 
automobile pumps. continuous two 
year humidity test cycle hours 
120° and 50% relative humidity only 
10% reduction paint adherence was 
recorded and there was evidence 


5.9, 6.1, 6.2 

Chemical Surface Treatments for Met- 
als II. Durkin. Tool Engineer, 
22, 2225 (1949) April; ibid, No. 34-36 
(1949) May. 

Discusses alkaline cleaning, vapor 
degreasing, rust and scale removers, 
black oxide treatments steel and phos- 
phate coatings. This installment deals 
only with general principles and equip- 
ment and application steels. (To 


II. Electrolytic and chemical coatings 
are produced aluminum obtain 
maximum corrosion resistance. The most 
common electrolytic coatings are those 
produced sulfuric and chromic acid 
baths. Thickness film formed be- 
tween 0.0001 and 0.001 in., with aver- 
age about 0.0003 in. comparison 
anodic processes tabulated. The com- 
mon chemical treatments for aluminum 
are the chromic acid type, phosphates 
and alkaline dichromates. comparison 
the coatings given with the corro- 
sion resistance produced each. suit- 
able coating for magnesium which will 
match corrosion protection the films 
formed aluminum not yet avail- 


| 
| 


5.9, 6.2 


Surface Finishing and Protection 
Magnesium Alloys. DeLong, Dow 
Chem. Co. Paper before Magnesium 
Assn. Modern Metals, No. 26-29 
(1949) July. 

over all review methods used 
finishing magnesium which includes 
surface conversion coatings chemical 
dipping and anodic oxidation, painting 
and the new electroplating process. Dis- 
cussion includes chemical treatment, 
bright chromic acid pickle, caustic ano- 
dize, anodic treatment, 
painting, primers, finish coats, electro- 
plating, plating methods, corrosion re- 
sistance and 


5.9, 6.2 


Preparation Metal Surfaces Pre- 
paratory Finishing. Darsey. 
Am. Paint J., 33, 12, 46+ (1948). 


The methods surface-cleaning nickel 
are (1) methods which not materially 
change the surface characteristics the 
metal; (2) methods which mechanically 
chemically alter the surface; and (3) 
methods which convert the surface 
non-metallic coating, e.g., phosphate coat- 
ing, thereby inhibiting corrosion and in- 
creasing the adhesion applied organic 
finishes.—RPI. 


5.9, 1.2 


Control Surface Finish Improve 
Quality, Cuts Cost. Clauser. Ma- 
terials and Methods, Editorial Staff. 
Meth., 28, No. 74-77 (1948) 


The quality surface finish 
important factor the performance and 
life many metal parts. moving parts 
such performance characteristics ab- 
rasion, lubrication, fit, sliding action, 
bearing qualities, and leakage may 
improved hampered the particular 
surface finish selected. Fatigue strength, 
notch sensitivity, load carrying capacity, 
heat transmission, and optical properties 
are some the mechanical and physical 
properties that can affected. addi- 
tion, the part plated painted, 
the surface can influence the adhesion 
and appearance the coating. 


3ecause costs are directly related 
the degree finish poor economy 
make surface smoother than re- 
quired for the proper functioning and 
satisfactory service life the product. 
Where lay, scratch pattern, and wavi- 
ness the finish are not particularly 
important often possible reduce 
costs merely specifying the allowed 
roughness, and then permitting the pro- 
duction department obtain that rough- 
ness the most efficient method. But 
when lay and/or waviness must con- 
sidered, usually not enough spec- 
ify just the limit roughness, because 
waviness and lay vary according the 
processing method used.—PDA. 


5.9, 6.2, 4.6, 8.7 


Brunak, The New Anti-Oxidation Sur- 
face Treatment for Aluminum. Michael 
Bruno and Paul Hartsuch, Bruno 
Lithographic Technical Foundation, New 
York, Y., Research Dept. Modern 
Lithography, 16, No. 51-53 (1948). 

Midwestern localities, aluminum 
plates used lithography often develop 
pitting type corrosion believed 
associated with the local water sup- 
ply. This corrosion can prevented 
greatly retarded the Brunak process 
which consists bathing the plates for 
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1.5 min. solution containing 
fl. oz. 48% hydrofluoric acid, oz. am- 
monium dichromate, and gal. water. 
The treated plate has light tan color. 
Operating directions are given the 
report. 

Brunak-treated sample plates which 
had been immersed for months Chi- 
cago tapwater were still largely free 
from oxidation, whereas untreated alu- 
minum plates were badly corroded. 

The making albumin deep- 
etch plate Brunak-treated aluminum 
only slightly different from the usual 
procedure. The principal difference the 
removal the powdery material before 
coating the plate, and the pre-etching 
the albumin 


MATERIALS 
CONSTRUCTION 


Non-Ferrous Metals 


6.2 

Aluminum Alloy Wire. Slade. 
Machinery Lloyd, England, 20, No. 24, 
108 (1948) Nov. 24; Hiduminium Abs. 
Bull., Eng., 17, No. 11, 12, 208 (1948) 
Nov.-Dec. 

Advantages aluminum wire 
material are high corrosion resistance, 
light weight facilitates handling and 
transport, high electrical conductivity 
makes suitable for electrical transmis- 
sion lines, range colors can 
produced color anodizing. alumi- 
num-magnesium alloy the most gener- 
ally used for drawing wire, such 
alloy being able withstand 70% re- 
duction area between annealings and 
30% reduction between passes. Thus 
possible reduce fully annealed 
wire rod 5/16-inch diameter 0.1- 
inch without intermediate annealing. 
Conventional wire drawing equipment 
used and both tungsten carbide and dia- 
mond may used for dies, the former 
for drawing down about 0.0265-inch 
diameter and the latter for smaller sizes. 
Drawing speed not critical providing 
the wire temperature kept reasonably 
low. Applications aluminum wire apart 
from electrical purposes are mainly for 
fencing, agricultural baskets, haulage 
ropes and cables, baling wire, poultry 
netting and wide variety domestic 


appliances particularly kitchen equip- 
6.3 


Moisture and Vacuum Proof Case for 
Electrical Structural Elements, Espe- 
cially for Electric Condensers Made from 
Artificial Thermo-plastics. Nurmberger, 
Schraubenfabrik und Elktrowerk. PB. 
70093, Frames 3077-82; Prev. Det. Abs., 
(1948). 

Moisture and vacuum-proof cases for 
electrical condensers can pressed, cast, 
die-cast from polyurethane and similar 
thermo-plastic materials. They may 
further waterproofed coating them 
with polybutylene similar lacquers 
adhesives. The leads are cast, pressed, 
die-cast simultaneously with the case 
such way that considerable lead 
length embedded the top the 
bottom the case, parallel with the sur- 
face. The remainder bent vertically 
into interior the case.—RPI. 


6.2 


New Magnesium Alloys Offer Superior 
Properties. Kenneth Rose, Materials and 


Vol. 


Methods, Editorial Staff. Meth 
28, No. 66-69 (1948) July. 
The composition and mechanical pro 
erties alloy ZK60 and 
cerium alloys with about mixture 
cerium and other rare 
given. 
ZK60 consists 5.5 0.5% 
0.50 0.75% zirconium, and the 
ance magnesium. The principal effect 
the zirconium produce and 
tain fine grain size, which results 
good strength properties and toughness 
and reduce the iron content ex. 
tremely low limit improving the 

ering resistance the composition, 

ZK60 has outstanding impact tough. 
ness and compares favorably 
strength with other high strength 
nesium alloys. tarnishes more 
because its high zinc content, but 
amenable the same surface 
treatment magnesium alloys 
eral. The creep strength 
containing magnesium alloys slightly 
lower than that other 
magnesium extrusion alloys, but shear 
and bearing properties are about the 
same. The ZK60 has limited weldability 
and should joined riveting rather 
than welding. The alloy has been used 
successfully several types 
mental wings and for aircraft floor 
beams required withstand high 
stresses. 

The most successful 
rium alloy containing 
Mischmetal (50% cerium, 50% other 
rare earths), 1.2% manganese, and the 
balance magnesium. can either 
cast wrought, but for casting 
content mixed rare earths recom- 
mended. 

Maximum properties for high-temper- 
ature use are obtained solution heat 
treatment for hrs. 1050° followed 
pared with other 
having high strengths elevated tem- 
peratures, the improvement the mag- 
nesium-cerium becomes 
large 500-600° about 600° 
reaches the creep resistance 
aluminum alloys. Cerium-containing 
magnesium alloys are readily weldable 
and exhibit good machinability. The ad- 
expected extend their working range 
300° higher than present limits— 
PDA. 


6.2 


Uncorrodible Metal. 124, No. 
(1949) May 

Titanium metal practically 
fected exposure sea water 
rine atmosphere according test data 
obtained Remington Arms Co., 
Bridgeport, Conn. Tests indicated that 
none the standard metals 
the corrosion resistant properties 
tanium, and that wet chlorine gas, hot 
chromic acid and hot ferric chloride 
solutions are not corrosive it—ALL. 


6.2 

Titanium Metal Produced Arc 
ing; Strength Corrosion Compared 
18-8. Cross, Metals Rev., 22, 
(1949) Apr. 

graphic picture the 
presented meeting the ASM 
Institute. Several methods 
metallic titanium pure enough 
tile room temperature are available, 
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including the Boer process, the Kroll 
process, and process employed the 
Bureau Mines using powder metal- 
hniques. special arc melting 
developed Battelle 
for direct melting titanium powder 
sponge using water-jacketed copper 
crucible, tungsten-tipped water-cooled 
electrode, and pure argon atmosphere. 
which very high 


has 


purity and only 40,000 psi tensile 
for alloy studies. strength basis, 
and aluminum alloys, SAE 1015 
steel, and annealed 18-8 steel. 


admirable base material 


Corrosion tests indicate that titanium 
least equivalent 18-8 for general 
marine applications. Unalloyed titanium 
appears more difficult machine 
than aluminum and copper-base alloys, 
plain carbo 
and 18-8, but easier than the Hadfield- 


steels similar strength, 


type steels. preliminary 


tests has shown good welding 
characteristics. 


ALL. 


EQUIPMENT 
Engine 


7.1, 4.3 
Study Corrosion Rocket Engines. 


Aviation Week, 51, (1949) July 


Eng. Division AMC and Reaction 
Motors, Inc., are investigating causes 
corrosion rocket engines. One cause 
corrosion was found carbon tet- 
rachloride which used cleaning 
the field. Fuel pockets another cause. 
Nitrogen flushing after each firing pro- 


posed—INCO. 


Diesel Wear Related Percent 


Sulfur Fuel. SAE J., 55, (1947) July. 


Digest “Effects Nitrogen and 
Sulfur Content Fuels Rate Wear 


Kent. 


Outlines result study the effects 


the rate wear Diesel engines.— 


BLR. 


Piston Ring and Cylinder Wear 


Diesel Engines. Pennington, Cater- 
pillar Tractor Co. Diesel Prog., 15, No. 
(1949) Mar. 


Corrosion listed among processes 


causing cylinder and piston ring wear. 
Ricardo mentioned having given one 
the first and best discussions wear 
caused corrosion engines 1933. 
Principal factors influencing corrosion 


Diesel engines seem sulfur the 


fuel and low temperature operation. Sul- 
fur can cause high wear rates under both 
high and low temperature conditions and 


temperature operation accelerates 


Wear, with and without sulfur. Graphs 
and diagrams are given which illustrate 


cylinder wear patterns using 
uel, the same lubriating oil, and jacket 


and wear pattern obtained when the pis- 


reversed, wear pattern obtained 


high jacket temperature with high 
fuel, but with different lubricating 
the effects the lubricating 
Wear obtained with high 
The results these tests are 
compared and explained. Cast iron piston 


rings and liners were used the investi- 
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Corrosion Turbine Journals. 
Bowrey. Trans. Inst. Marine Eng., 61, 57- 
(1949) Apr.; Am. Soc. Naval Eng., 61, 
No. 664-682 (1949) Aug. 

Corrosion inhibiting oils and the pro- 
posed water soluble inhibitor, sodium- 
nitrite are considered. Discussion in- 
cludes account laboratory investiga- 
tions and sea trials sodium nitrite with 
details successful applications pro- 
posals case ship where gearing 
was already advanced state cor- 


7.1, 3.6, 5.8, 5.7, 3.4, 3.5 

The Causes and Prevention Corro- 
sion Industrial Type Steam Turbines. 
Allen Eng. R., 1949, No. 22, 5-11. 

Report investigation typical cases 
corrosion, made the laboratories 
Allen and Co., Ltd., together with 
information from interrogation users 
turbines. included consideration 
electrolytic attack, influence electro- 
magnetic field, use inhibitors, use 
graphite injection, leakage during stand- 
ing, occurrence deposited salts asso- 
ciated with corrosion, methods rem- 
edying deposition and standing attack. 
Discussion the nature the attack 
(erosion corrosion-erosion) and 
remedy against attack during running 
given. Two distinct types attack were 
found cause damage industrial steam 
turbines: attack during standing, due 
combined deposition salts during run- 
ning and steam leakage when shut down; 
and attack during running, due water 


Valves and Pipes 


Aluminum Valve Construction. Mc- 
Farland. Corrosion, No. (1949). 

number wrought and cast alu- 
minum alloys have given satisfactory 
performance the construction 
valves. They may protected from cor- 
rosion means stoved phenolic resin 
coatings.—RPI. 


Stainless Steel Piping; 
Pipe Joints; Weld- 
ing. Mattimore. Heat, Piping Air 
19, 84-7 ibid, 12:73-8 (1947) 

II. Unions which are slipped the 
pipe end and soldered brazed are 
recommended for sanitary piping. Gal- 
vanic corrosion and concentration cell 
corrosion are discussed. III. The neces- 
sary procedure for preparation the 
piping for welding, welding and heat 
treatment after welding are discussed.— 


RA. 


Aluminum Pipe Test. Bullock. 
Corrosion, No. 10, 505-506 (1948) Oct. 
Aluminum pipe with welded joints 
every feet being tried for carrying 
crude oils. Internal and soil corrosion are 
being 


Pumps and Compressors 


7.3 

Corrosion Problems Water Wells. 
Larson. Corrosion, No. 27-31 
(1949) Jan. 

the construction turbine pumps, 
combinations copper bearing metals 
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are frequently used conjunction with 
cast-iron steel. points where these 
metals are exposed current will flow and 
the presence water with high min- 
eral content will facilitate its flow. The 
painting the copper-bearing cathode 
will impede the flow current and pre- 
vent serious attack the iron 


RPI. 


7.3, 6.1, 4.6, 4.3, 3.5 

Boundary Flow the Diffuser 
High-Pressure Boiler Feed Pump. 
Holba. Maschinenbau and Warmewirt- 
schaft, No. 11, 165-9 (1948) Nov.; Eng. 
Dig., 10, No. 118-20 (1949) Apr. 

Investigations were conducted de- 
termine causes for erosion diffuser 
boiler feed pump streamlines 
boundary flow and regular distances 
from the leading edges the diffuser 
vanes. Observations indicated severe cor- 
rosion cast iron and cast steel feed 
pumps. Collapse vapor pockets, rein- 
forced by: acidity feed-water, sug- 
gested cause cavitation. Feasible 
solution seems diffusers manufac- 
tured from one integral casting. 
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addition steep slopes, bends, and narrow right. 
of-way, pipe line engineers installing this 20” loop 
faced what they termed corrosive 


Even the toughest pipe protection 
get solved when you call Hill, 


Every pipe line individual protection problem. why 
many firms work with Hill, Hubbell right from the initial 
plans stage. Drawing quarter-century’s experience, Hill 
Hubbell experts make sure the pipe gets the kind insulation 
the specific job that it’s scientifically-applied 
the factory provide longest possible resistance against every 


agent corrosion. Before your next job—wire, phone, write.. 


ers: 


Hill, Hubbell field men helped lick the extremely difficult problems fac 
gas line. Today successful operation—sealed and safeguarded for years trouble-free operation. 


installing this new Rocky Mountain natural 


PEL 


loop line 


ell 


why 
initial 
Hill, 
nsulation 
y-applied 
nst every 


maintenance costs dive with coatings based 
VINYLITE Resins 


BRAND 


“Costs sharply reduced wellhead mainte- 
nance Galveston Bay coatings based 


Resin coatings sea-going dredge 
intact after months’ 


“Interiors storage tanks for sour crude coated 
with Resins good condition after 
years’ 


“Flow-line paraffin service coated with 
Resins perfect condition after 
months continuous 


These reports bring good news for the petro- 
leum industry. Plastics have corrosion the 
ropes! 


Protective coatings based VINYLITE Brand 
Resins are proving themselves under the tough- 
est service saving time and money 
wherever they are used. That’s because these 
coatings offer unique combination physical 
and chemical properties. They easily and 
stay put for years and years iron, steel, alu- 
minum, concrete and wood. Odorless, tasteless, 
they are highly resistant almost all chemicals, 
salt, greases, oils and alkalies. 


The complete story these remarkable coat- 
ings well worth looking into. Get all the 
facts now. Write Dept. IN-69. 


Data courtesy Plastic Coating Corporation, Houston 19, Texas 
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PROVEN PERFORMANCE WHERE THE GOING’S TOUGH 


Oil storage tanks 


coated inside out 


with Res- 
ins are unaffected 
ydrogen sulfide 
ithstand 
water and 


Marine wellheads, 
barges, etc., are pro- 
tected from fouling 
and salt-water corro- 
sion coatings 
based 
Resins, 


Pipe coated with 
VINYLITE Resins 
withstands such 
products sour 
crude, salt water, gas- 
oline, and similar ali- 
phatic 


DIVISION 


BAKELITE DIVISION 
Union Carbide and Carbon Corporation 
East 42nd Street, New York 17, N.Y. 
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